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@ Benzopyran derivatives and their use. 

© This invention relates to a compound represented by the formula: 




ON 



Q2 



^ wherein B represents a hydrogen atom or a lower aikyi group; ring A represents a benzene ring which may have 

^ one or more substituents; 

lO 



^ represents a single or double bond; Qi represents the group represented by the formula, 
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— P-ORl 
I 

OR2 

, or a hydrocarbon residue substituted witli the group represented by the formula, 

O 
II 

-X-P-rORl 
I 

0R2 

wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear moiety which may 
have one or more side chains; and R^, whether identical or not, independently represent a hydrogen atom or 
a lower alkyi, or may bind together to form a ring; Cb represents a hydrogen atom, a hydrocarbon residue which 
may be substituted or a heterocyclic ring residue which may be substituted; or a salt thereof. 
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Held of the invention 

The present invention relates to a benzopyran derivative which promotes osteogenesis, a method of 
production thereof and use thereof. 

Background of the invention 



Osteoporosis is a pathologic state or disease involving some symptom or risk due to quantitative 
reduction in bone exceeding a certain degree. Major symptoms are spinal kyphosis, and fractures of 
JO dorsolumbar bones, vertebral centra, femoral necks, distal end of radius, ribs, proximal end of humerus, and 
others. In healthy bone tissue, bone destruction occurs constantly, with a good balance between bone 
formation and resorption; osteoblasts and osteoclasts play key roles in osteogenesis and bone resorption, 
respectively. Bone resorption surpassing osteogenesis, upon deterioration of the bone destruction balance 
therebetween, results in a quantitative reduction in bone. Traditionally, bone resorption Inhibitors such as 
IS estrogens, calcitonin and bisphosphonates have been mainly used to treat osteoporosis. However, these 
bone resorption inhibitors fail to have a satisfactory effect in some cases, due to limitation on the subject or 
to uncertain efficacy. There is therefore a need for a new osteogenesis substance which serves as a 
pi'ophylactic/therapeutic drug for osteoporosis, to increase once-decreased bone mass. 

There are numerous benzopyran derivatives, such as those listed in the overview in the Progress in 
20 Medicinal Chemistry, Vol. 9. p. 65 (1973). That publication, however, does not describe the osteogenesis- 
. promoting action of 4-oxo-4H-1-ben2opyran-2-carboxamide derivatives. Nor is any such derivative known 
that has a substitLitional group containing phosphonic acid as an N^substituent. 

Also, European Patent Publication EP-524023-A1 describes the following compound as a therapeutic 
agent for osteoporosis. 

25 . 




30 

Object of the invention 

35 This invention provides a benzopyran derivative which promotes osteogenesis, a method of production 
thereof and an osteogenesis promoter comprising it as an active ingredient. 

Summary of the invention 

40 The present inventors investigated the development of a more commonly applicable drug which acts 
directly on bone to promote osteogenesis, and found that a 4-oxo-4H-1-benzopyran-2-carboxamide deriva- 
tive activates the osteoblast function directiy involved in osteogenesis promotion, to promote bone 
calcification. The inventors made further investigations based on this finding, and developed the present 
invention, 

45 Accordingly, the present invention relates to: 
(1) a compound represented by the formula (1): 



(D 



wherein B represents a hydrogen atom or a lower alkyi group; ring A represents a benzene ring which 
may have one or more substituents; 
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represents a single or double bond; Qi represents the group represented by the formula. 



— p-ORi (a) 

1 . 

OR2 



, or a hydrocarbon residue substituted with the group represented by the formula. 



75 O 



-X-P-ORi (a') 
I 

OR2 



wherein X represents a bond or a spacer having a chain length of . 1 to 4 atoms as the linear moiety 
which may have one or more side chains; and R^, whether identical or not, independently represent a 
hydrogen atom or a lower alkyi, or may bind together to form a ring; Q2 represents a hydrogen atom, a 
hydrocarbon residue which may be substiuted or a heterocyclic ring residue which may be substituted; 
25 or a salt thereof, 

(2) a method of producing, a compound represented by the formula (I): 



0) 



wherein B represents a hydrogen atom or a lower alkyI group; ring A represents a benzene ring which 
may have one or more substituents; 



represents a single or double bond; Qi represent^ the group represented by the formula. 



O 

II . ^ 

— P-ORi (a) 
I 

OR2 

50 , or a hydrocarbon residue substituted with the group represented by the formula. 



-x-p-ORi (a') 
I 

0R2 
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wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear moiety 
which may have one or more side chains; and R^, whether identical or not, independently represent a 
hydrogen atom or a lower alkyi, or may bind together to form a ring; Q2 represents a hydrogen atom, a 
hydrocarbon residue which may be substituted or a heterocyclic ring residue which may be substituted; 
or a salt thereof, by comprising reacting a compound represented by the. formula (II): 



(ii) 



wherein B represents a hydrogen atom or a lower alky! group; 



represents a single or double bond; ring A represents a benzene ring which may have one or more 
20 substituents or reactive derivative thereof, and a compound represjented by the formula (III): 

HN<^' an) 



wherein Q'l represents the group represented by the formula. 



-P-OR3 0>) 
I 

OR* 



, or a hydrocarbon residue substituted with the group represented by the formula. 



• O 
Ii 

40 -X— P— OR3 (bO 

OR* 

wherein X represents a bond or a spacer having a chains length of 1 to 4 atoms as the linear moiety 
45 which may have one or more side chains; and R*, vyhether identical or not, independently represent a 
lower alkyl. or may bind together to form a ring; Cb is as defined above, and subsequently carrying out a 

phosphonic acid ester hydrolyzing reaction as necessary. 

(3) an osteogenesis promoter comprising a compound represented by the formula (IV): 



^v,^0,^yCON(R5)(R6) 

o 

wherein R^ and R^, whether identical or not, independently represent a hydrogen atom, a phosphono 
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group, a hydrocarbon residue which may be substituted or a heterocyclic ring residue which may be 
substituted; B represents a hydrogen atom or a lower alkyi group: 



represents a single or double bond; ring A represents . a benzene ring which may have one or more 
substituents, or a salt thereof, and 

(4) an osteogenesis promoter comprising a compound represented by the formula (I): 




wherein B represents a hydrogen atom or a lower alkyl group; ring A represents a benzene ring which 
may have one or more substituents; 



represents a single or double bond; Qi represents the group represented by the formula, 

O 
II 

— P-ORi (a) 
OR2 

or a hydrocarbon residue substituted with the group represented by the formula, 

O 
II 

-x-p-ORi (aO 
OR2 

wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear moiety 
which may have one or more side chains; and R^, whether identical or not. independentiy represent a 
hydrogen atom or a lower alkyl, or may bind together to form a ring; Q2 represents a hydrogen atom, a 
phosphono group, a hydrocarbon residue which may be substiuted or a heterocyclic ring residue which 
may be substituted; or a salt thereof. 

Detailed description of the invention , 

With respect to formulae (I). (11) and (IV), ring A represents a benzene ring which may have one or more 
substituents. The substituent is exemplified by halogen atoms, nitro groups, alkyls which may be substi- 
tuted, hydroxyl groups which may be substituted, thiol groups which may be substituted, amino groups 
which may be substituted, acyls which may be substituted, carboxyl groups which may be esterified and 
aromatic cyclic groups which may be substituted. 

The halogen atom as a substituent for ring A is exemplified by atoms of fluorine, chlorine, bromine and 
iodine, with preference given to fluorine and chlorine. 

The alkyl as a substituent for ring A, which may be substituted, is exempljfied by alkyls having 1 to 10 
carbon atoms, whether linear or cyclic, including C1-10 alkylis such as methyl, ethyl, propyl, isbpropyl, 
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butyl, isobutyl, sec-butyl, tert-butyl. pentyl, isopentyl. neopentyl, hexyl, heptyl. octyl. nonyl and decyl, with 
preference given to lower (Ci-e) alkyls, and C3-7 cycloalkyls such as cyclbpropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and cycloheptyl. The substituent for said alkyi which may be substituted is exemplified by 
halogens (e.g., fluorine, chlorine, bromine and iodine), nitro groups, hydroxyl groups, thiol groups, amino 
5 groups and carboxyl groups. 

The hydroxyl group as a substituent for ring A. which may be substituted, is exemplified by the 
hydroxyl group and hydroxyl groups having an appropriate substituent, specifically a substituent used as a 
hydroxyl group protecting group, such as alkoxys. alkenyloxys, aralkyloxys, acylqxys and aryloxys. Such 
alkoxys are preferably those having 1 to 10 carbon atoms (e.g., methoxy, ethoxy, propoxy, isopropoxy, 

70 butoxy, isobutoxy. sec-butoxy, tert-butoxy, pentyloxy, isopentyloxy. neopentyloxy, hexyloxy, heptyloxy, 
nonyloxy, cyclobutoxy, cyclopentyloxy and cyclohexyloxy), with greater preference given to those having 1 
to 6 carbon atoms. Such alkenyloxys are preferably those having 1 to 10 carbori atoms, such as allyloxy, 
crotyloxy, 2-pentenyloxy, 3-hexenyloxy, 2-cycIopentenylmethpxy and 2-cyclohexenylmethoxy. Such aral- 
kyloxys include phenyl-Ci-4 alkyloxys (e.g., benzyloxy and phenethyloxy). Such acyjoxys are preferably 

75 alkanoylpxys having 2 to 4 carbon atoms (e.g.. acetyloxy, propionyloxy, n-butyryloxy and isobutyryloxy). 
Such aryloxys include phenoxy and 4-chlorophenoxy. 

The thiol group as a substituent for ring A, which may be substituted, is exemplified by the thiol group 
iand thiol groups having an appropriate substituent, specifically a substituent used as a thiol group 
protecting group, such as alkylthios, aralkylthios and acylthios. Such alkylthios are preferat)Iy those having 1 

20 to 10 carbon atoms (e.g., methylthio, ethylthio, propylthio, isopropylthio, butylthio, isobutylthio. sec-butylthio, 
tert-butylthio, pentyjthib, isopentylthio, neopentylthio. hexylthio, heptylthio, nonylthio, cyclobutylthio, 
cyclopentylthio and cyclohexylthio). Such aralkylthios include phenyl-Ci-4 alkylthios (e.g., benzylthio and 
phenethylthjo). Such acylthios are preferably alkanoylthips having 2 to 4 carbon, atoms (e.g.., acetylthio, 
propionylthio, butyrylthio and isobutyrylthio). 

25 The substituent for said amino group as. a substituent for ring A, which may be substituted. Is 
exemplified by linear or cyclic alkyls having 1 to iO carbon atoms, alkenyls having 1 to 10 carbon atoms, 
aromatic groups and acyl groups. One or two of these substltuents may substitute for the amino group (- 
NH2 group). Such alkyls include C1-10 alkyls such as methyl, ethyl, isopropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl. pctyl, nonyl and decyl, with preference given to lower 

30 (Ci-e) alkyls, and C3-7 cycloalkyls such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cyclohep- 
tyl. Such alkenyls include allyl, crbtyl, 2-pentenyl. 3-hexenyi, 2-cyclopenteriylmethyl and 2-cycIohexehyl- 
methyl. Such aromatic groups include phenyl, naphthyl and anthryl. Such acyl groups include formyl and 
groups resulting from binding an alkyI hiaving 1 to 10 carbon atoms, alkenyl having 1 to 10 carbon atoms or 
an aromatic group and a carbonyl group, including acetyl, propionyl, butyryl, isobutyryl. valeryl. isovaleryl, 

35 pivaloyl. hexanoyi, heptanoyi, octanoyi, cyclobutanoyi, cyclopehtanoyi, cyclohexanoyi, cycloheptanoyi, 
crotony I, 2-cyclohexenecarbonyl. benzoyl and nicotinoyl. 

The acyl group as a substituent for ring A, which may be substituted, is exemplified by formyl and 
groups resulting from binding an alkyI having 1 to 10 carbon atoms, alkenyl having 1 to 10 carbon aitoms or 
an aromatic group and a carbonyl group, including acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, 

40 pivaloyl, hexanoyi, heptanoyi, octanoyi, cyclobutanoyi, cyclopentanoyi, cyclohexanoyi, cycloheptanoyi, 
crotonyl, 2-cyclohexenecarbonyl, benzoyl and nicotinoyl. 

The esterified carboxyl group as a substituent for ring A is exemplified by lower alkoxycarbonyl groups 
and aryioxycarbonyl groups, with preference given to methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, 
phenoxycarbonyl and l-naphthoxycarbonyl. 

45 The aromatic cyclic group as a substituerit for ring A, which may be substituted, is exemplified by 
C^~i4 aromatic hydrocarbon residues such as phenyl, naphthyl and anthryl, and heterocyclic aromatic 
residues such as pyridyl, furyl, thienyl, imidazolyl and thlazolyl. The substituent for said aromatic cyclic 
group which may be substituted is exemplified by halogen atoms, nitro groups, lower (Ci-e) alkyls. 
hydroxyl groups, thiol groups, arnino groups and carboxyl groups. 

50 One to four of such substituents for ring A. whether identical or not, may substitute for the ring at any 
positions, and when they are adjacent to each other, they may bind together to form a ring represented by 
^(CH2)m- or -0-(GH2)rO-, in which m and I represent an integer from 3 to 5 (preferably 2 or 3) and an 
integer from 1 to 3 (preferably 1 or 2), respectively. 

With respect to f6rmulae(l) and (III), the hydrocarbon residue for Qi and Q'l , which are substituted with 

55 the groups represented by the formulae, 
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O O 

II J II 

-X-P-ORi (a') and -X-P-0R3 (b') 

OR2 OR4 



, respectively, is exemplified by aliphatic hydrocarbon residues, alicyciic hydrocarbon residues, alicyclic- 
aliphatic hydrocarbon residues, aromatic-aliphatic hydrocarbon residues, aromatic hydrocarbon residues 
and aromatic heterocyclic-aliphatic hydrocarbon residues. Siich aliphatic hydrocarbon residues include 
saturated aliphatic hydrocarbon residues having 1 to 8 carbon atoms such as methyl, ethyl, propyl, 
Isopropyl, butyl, isobutyl, sec-butyl, tert-buty I, pentyl, isopentyl, neopentyl, tert-pentyl, hexyl, isohexyl, 
heptyl and octyl. and unsaturated aliphatic hydrocarbon residues having 2 to 8 carbon atoms such as 
ethenyl, 1-propenyl. 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl. 2-methyl-1-propenyl. 1-pentenyl, 2-pen- 
tenyl, 3-pentenyl, 4-penteny!, 3-m.ethy!-2-butenyh 1-hexenyl, 3-hexenyl, 2.4-hexadienyl, 5-hexenyL 1-hep- 
tenyl, 1-octenyl, ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl. 3-butynyl, 1-pentynyl, 2-pentynyl. 3- 
pentynyl, 4-pentynyl. 1-hexynyl, 3-hexynyl, 2.4-hexadlynyl, 5-hexynyl, 1-heptynyl and 1-octynyl. Such 
alicyciic hydrocarbon residues include saturated alicyciic hydrocarbon residues having 3 to 7 carbon atpms 
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl, and unsaturated alicyciic hy- 
drocarbon residues having 5 to 7 carbon atoms such as 1-cyclopentenyI, 2-cycIopentenyl, 3-cyclopentenyl. 

1- cyclohexenyl, 2-cyclohexenyl, 3-cyclohexenyI, 1-cyclpheptehyl, 2-cycloheptenyl, 3-cycloheptenyl and 2,4- 
cycloheptadienyl. Such alicyclic-aliphatic hydrocarbon residues include those resulting from binding above- 
mentioned alicyciic hydrocarbon residues and aliphatic hydrocarbon residues to have 4 to 9 carbon atoms, 
such as cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl, cyclopentylmethyl, 2-cyclopentenylmethyl, 
3-cyclopentenylmethyl, cyclohexylmethyl, 2-cyclohexenyImethyl, 3-cyclohexeriylmethyl. cyclohexylethyl, 
cyclohexylpropyl, cycloheptylmethyl and cycloheptylethyl. Such aromatic-aliphatic hydrocarbon residues 
include phenylalkyls having 7 to 9 carbon atoms such as benzyl, phenethyl, 1-phenylethyl, 3-phenylpropyl, 

2- phenylpropyl and 1-phenylpropyl, and naphthylalkyls haying 11 to 13 carbon atoms such as a-naphthyl- 
methyl, a-naphthylethyl. jS-naphthylmethyl and /8-naphthylethyl. Such aromatic hydrocarbon residues in- 
clude phenyls and naphthyls (a-naphthyl, )9-naphthyl). Such aromatic heterocyclic-aliphatic hydrocarbon 
residue means those resulting from binding ian aromatic heterocyclic ring residue and an aliphatic 
hydrocarbon residue. Said aromatic heterocyclic, ring residue is exemplified by the same aromatic 
heterocycllic ring residues as specified, for the heterocyclic ring residue for or below and said 
aliphatic hydrocarbon residue is exemplified by the same aliphatic hydrocarbon residues as specified 
above. 

With respect to formulae (I) and (III), the hydrocarbon residue for Qi and Q'l. may have, in addition to 
the group represented by the formula, 

O 

II 

(aO or -X-P-OR3 (b^ 

OR* 

, 1 or 2 substituents at any positions thereon. Such substituents include aliphatic chain hydrocarbon groups, 
alicyciic hydrocarbon groups, aryl groups, aromatic heterocyclic groups, non-aromatic heterocyclic groups, 
halogen atoms, nitro groups, amino groups which may be substituted, acyl groups which may be 
substiituted, hydroxyl groups which may be substituted, thiol groups which may be substituted, carboxyl 
groups which may be esterified and phosphono groups which may be esterified: Such aliphatic chain 
hydrocarbon groups include linear or branched aliphatic hydrocarbon groups such as alkyi groups, 
preferably those having 1 to 10 carbon atoms, alkenyl groups, preferably those having 2 to 10 carbon 
atomsi and alkynyl groups. Such alkyI groups include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec- 
butyl, tert-butyl, pentyl, isopentyl, neopentyl. tert-pentyl, 1-ethylpropyl, hexyl, isohexyL 1,1-dimethyIbutyl, 
2,2-dimethylbutyl. 3, 3-di methyl butyl, 2-ethylbutyl, hexyl. pentyl, dctyl, nonyl and decyl. Such alkenyl groups 
include vinyl, ally!, isopropenyl, 1-propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-ethyl-1- 
butenyl, 3-methyl-2-butenyl, 1-pentenyl; 2-pentenyi; 3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl, 1-hexenyl, 
2-hexenyl, 3-hexenyl, 4-hexenyl and 5-hexenyl. Such alkynyl groups include ethynyl, 1-propynyl, 2- 



O 

II 

-X— P-ORl 
I 

OR2 
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propynyl. 1-butynyI, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl. 3-pentynyl. 4-pentynyl, 1-hexynyl, 2- 
hexynyl. 3-hexynyI. 4-hexynyI and S-hexynyl. Such alicyclic hydrocarbon groups include saturated or 
unsaturated alicyclic hydrocarbons such as cycloalkyi groups, cycloalkenyl groups and cycloalkadienyl 
groups. Preferable cycloalkyi groups Include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl; cycloheptyl, 
cyclooctyl. blcyclo[2.2.1]heptyI. bicyclo[2.2.2]octyl. bicycIo[3.2.1]octyl. bicycIo[3.2.2]nonyl. bicyclo[3.3.1]- 
nonyl, bicycloi4.2.1lnonyl and bicyclo[4.3.1]decyl. Preferable cycloalkenyl groups Include 2-cyclopenten-i- 
yl, 3-cyclopenten-1-yl, 2-cycIohexen-1 -yl and 3-cyclohexen-1 -yl. Preferable cycloalkadienyl groups include 
2,4-cyciopentadien-1-yl, 2.4-cyclohexadien-1-yl and 2,5-cyclohexadien-1-yl. Such aryl groups are nrion- 
ocycllc or condensed polycyclic aromatic hydrocarbon groups, preferably phenyl, naphthyl, anthryl, phenan- 
thryl. acenaphthylehyl and others, with preference given to phenyl. 1 -naphthyl, 2-naphthyl and others. 
Preferable aronriatic heterocyclic groups include aromatic monocyclic heterocyclic groups such as furyl, 
thienyl, pyrrolyl. oxazolyl. Isoxazolyl, thiazolyl. isothiazolyl, Imldazolyl. pyrazolyl, 1 ,2,3-oxadiazolyl, 1,2,4- 
oxadiazolyl, 1 ,3.4-oxadlazolyl, furazanyl, 1 .2.3-thladiazolyl, .1 ,2,4-thiadlazolyl. 1,3.4-thiadiazolyl, 1.2.3- 
trlazolyl. 1 ,2.4-triazplyl. tetrazolyl, pyridyl, pyrldazlnyl, pyrimidinyl, pyrazinyl and triazlnyl. and aromatic 
condensed heterocyclic groups such as benzofuranyl. isobenzofuranyL benzo[b]thienyl, indolyl. isoindolyl, 
1 H-indazplyl, benzimidazolyl, benzoxazolyl, 1 ,2-benzisoxazolyl, benzothlazolyl, 1 .2-benzisothlazolyl, 1H- 
berirltriazolyl, quinolyl, Isoquinolyl, cinnolinyl, quinazollnyl, quinoxalinyl, phthalazinyl. naphthyllzinyl, purinyl, 
pteridinyl. carbazplyl. a-carbolinyl, /S-carbolinyl. 7-carbolinyl, acridinyl, phenoxazinyl. phenothiazinyl, 
phenazinyl, phenoxthinyl. thianthrenyl, phenanthridinyl, phenanthrolinyl, Indolizinyl, pyrroIo[1 ,2-b]pyridazinyl, 
pyrazolo[1 .5-a]pyridyl, imidazo[1,2-a]pyridyl, imidazo[1 ,5-a]pyridyl, imidazo[1 ,2-b]pyridazinyl, imida2o[1 ,2-a]- 
pyrimidinyl, 1 ,2,4-tria2olo[4,3-a]pyridyl and 1 ,2,4-trlazolo[4,3-b]pyridazinyl. Preferable non-aromatic 
heterocyclic groupis include oxylanyl, azetidinyl, oxetanyl, thietanyl, pyrrolidinyl, tetrahydrofuryl, thiolanyl, 
piperizinyl, tetrahydropyranyl, morpholinyl, thiomorpholinyl and piperazinyl. Such halogens include fluorine, 
chlorine, bromine and iodine, with preference given to fluorine and chlorine. Said amino group which may 
be substituted include groups resulting from substitution, of 1 or 2 of alkyls having 1 to 10 carbon atoms, 
alkenyls having 1 to 10 carbon atoms, aromatic groups or acyl groups having 2 to 10 atoms for the amino 
group (-NH2 group) (e.g., methylamino, dimethylamino, ethylamino, diethylamino, dibutylamino. dial- 
lylamino. cyclohexylamino, phenylamino, N-methyl-N-phenylamino, acetylamino. propionylamino and ben- 
zoylanriino). Said acyl group which may be subistituted is exemplified by formyl and groups resulting from 
binding an alkyi having 1 to 10 carbon atoms, alkenyl having 1 to 10 carbon atoms or an aromatic group 
and a carbonyl group (e.g.. acetyl, propionyl. butyryl, isobutyryl, valeryi, isovaleryl, pivaloyi, hexanoyl. 
heptanoyl. octanoyi, cyclobutanoyi, cyclopentanoyi, cyclohexanoyi, cycloheptanoyi, crotonyl. 2-cyclohex- 
enecarbonyl, benzoyl and nicotinoyi). Said hydroxy! group which may be substituted is exemplified by the 
hydroxyl group and hydroxyl groups having an appropriate substituent. specifically a substituent used as a 
hydroxyl group protecting group, such as alkoxys. alkenyloxys, aralkyloxys, acyloxys and aryloxys. Such 
alkoxys are preferably those having 1 to 10 carbon atoms (e.g., methoxy. ethoxy, propoxy, isopropoxy, 
butoxy, isobutoxy. seic-butoxy, tert-butoxy, pentyloxy, isopentyloxy. neopentyloxy, hexyloxy, heptyloxy, 
nonyloxy, cyclobutoxy. cyclopentyloxy and cyclohexyloxy). Such alkenyloxys are preferably those having 1 
to 10 carbon atoms, such as allyjoxy, crotyloxy, 2-pentenyloxy, 3-hexenyloxy, 2-cycIopentenylmethoxy and 
2-cyclphexenyImethoxy. Such aralkyloxys include phenyl-Ci alkyloxys (e.g., benzyloxy and 
phenethyloxy). Such acyloxys are pi^eferably alkanoyloxys having 2 to 4 carbon atoms (e.g., acetyloxy, 
propionyloxy, butyryloxy and isobutyryloxy). Such aryloxys include phenoxy and 4-chlorophenoxy. Said 
thiol group which may be substituted is exemplified by the thiol group and thiol groups having an 
appropriate substituent. particularly a substituent for use as a thiol-protecting group, such as alkylthios. 
aralkylthios and acylthios. Such alkylthios are preferably alkylthios having 1 to 10 carbon atoms (e.g., 
methyltfiio. ethylthio, propylthio. isopropylthio. butylthio, Isobutylthio, sec-butylthio, tert-butylthio, pentylthio, 
isopentylthio, neopentylthio. hexylthio, heptylthio, nonylthio. cyclobutylthio, cycldpentylthio and cyclohexyl- 
thio). Such aralkylthios include phenyl-Ci -4 alkylthios (e.g., benzylthio and phenethylthio). Such acylthios 
are preferably alkanoylthios having 2 to 4 carbon atoms (e.g., acetylthio. propionylthio, butyrylthio and 
isobutyrylthio): The ester of said carboxyl group which may be esterified is exemplified by those resulting 
from binding a carboxyl group and an alkyI group having 1 to 6 carbon atoms, such as methoxy carbonyl. 
ethoxy carbonyl, propoxycarbonyl. isopropoxy carbonyl, butoxy carbonyl, isobutoxy carbonyl, sec-butoxycar- 
bonyl, tert-butoxycarbonyl, pentyloxycarbonyl and hexyloxycarbonyl. those resulting from binding a car- 
boxyl group and an alkenyl group having 3 to 6 carbon atoms, such as allyloxycarbonyl, crotyloxycarbonyl, 
2-pentenyloxycarbonyl and 3-hexenyloxycarbonyl, and those resulting from binding a carbonyl group and 
an aralkyi group, such as benzyloxycarbonyl and phenethylpxycarbonyl. Said phosphono group which may 
be esterified is exerhplifled by those represented by P(0)(pR3)(bR^°) (Fl^ and R'°, whether identical or not, 
idependentiy represent a hydrogen atom or a lower alkyI, or may bind together to form a ring). The lower 
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alkyi group for and B}^ is exemplified by linear or branched lower alkyls having 1 to 6 carbon atoms 
(e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl. pentyl, isopentyl, neopentyl and 
hexyl). and lower (C3-7) cycloalkyls (e.g.. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl), 
with preference given to linear lower alkyls having 1 to 6 carbon atoms, more preferably lower alkyls having 
1 to 3 carbon atoms. and R^° may bind together to form a ring; for example, R^ and R^° may bind 
together to form -Z- (Z represent^ a carbon chain of 2 to 4 atoms in chain length which may have one or 
more side chains). 

With respect to formulae (I) and (III) above, the substituent for the hydrocarbon residue for Qi and Q'l , 
which may be substituted.' may have 1 or more, preferably 1 to 3, appropriate substituents at any possible 
position. Such substituents include lower (Ci-s) alkyls (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl. 
sec-butyl, tert-butyl, pentyl, isopentyl. neopentyl and hexyl). lower alkenyl groups (e.g.. vinyl, allyl, 
isopropenyl. 1-propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-butenyl. 3-butenyl. 2-ethyl-1 -butenyl. 3-methyl-2- 
butienyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl. 4-methyl-3-pentenyI. 1-hexenyl. 2-hexenyl, 3-hex- 
enyl, 4-hexenyl and 5-hexenyl). lower alkynyl groups (e.g., ethynyl, 1-propynyl, 2-propynyl. 1-butynyl, 2- 
butynyi; 3-butynyL 1-pentynyL 2-pentynyl, 3-pentynyl, 4-pentynyI; 1-hexynyL 2-hexynyl, 3-hexynyl, 4- 
hexynyl and 5-hexynyl), cycloalkyi groups (e.g., cyclopropyl, cyclobutyl. cyclopentyl. cyclohexyl and 
cycloheptyl), aryl groups (e.g., phenyl, l-naphthyl and 2-naphthyl), aromatic heterocyclic groups, non- 
aromatic heterocyclic groups, aralkyi groups, amino groups, N-monosubstitutional amino groups (e.g.. 
methylamino, ethylamino, cyclohexylamino and phenylamino). N.N-disubstitutional amino groups (e.g.. 
dimethylamino. diethylamiho, dibutylamino. diallylamino and N-methyl-N-phenylamino). amidino groups, 
acyl groups, carbamoyl groups, N-monosubstitutiohar carbamoyl groups (e.g., methylcarbamoyi, ethylcar- 
bamoyi, cyclohexylcarbamoyi and phenylcarbamoyl)i N.N-disubstltutional carbamoyl groups (e.g., dirnethyl- 
carbamoyl, diethylcarbamoyi, dibutylcarbamoyi, diallylcarbambyl and N-methyl-N-phenylcarbamoyl), sul- 
famoyl groups, N-monosubstitutional sulfamoyl groups (e.g.. methylsulfampyli ethylsulfamoyi, cyclohexylsul- 
famoyl and phenylsulfamoyi), N,N-disubstitutional sulfamoyl groups (e.g., dimethylsulfamoyl. diethylsul- 
famoyi, dibutylsulfamoyi, diallylsulfamoyi and N-methyl-N-phenylsulfamoyI). carboxyl groups, lower alkox- 
ycarbonyl groups (e.g.. methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl. isopropoxycarbonyl, butoxycar- 
bonyl. isobutoxycarbonyl, sec-butoxycarbonyl, tert-butoxycarbonyl, pentyloxycarbonyl and hexyloxycar- 
bonyl), hydroxyl groups, lower alkoxy groups (e.g., methoxy, ethoxy, proppxy, isopropoxy. butoxy, 
isobutoxy, sec-butoxy. tert-butoxy and pentyloxy), lower alkenyloxy groups (e.g., allyloxycarbonyl, crotylox- 
ycarbonyl, 2-pentenyloxycarbonyl and 3-hexenyloxycarbonyl), cycloalkyloxy groups (e.g.. cyclopropyloxy, 
cyclobutyloxy, cyclopentyloxy, cyclohexyloxy and cycloheptyloxy), lower alkylthio groups (e.g., methylthio, 
ethylthio, propylthio, isopropylthio, butylthio, isobutylthio, sec-butylthio, tert-butyithio, pentylthio, isopentyl- 
thlo, neopentylthio and hexylthio), aralkylthio groups, arylthio groups, sulfo groups, cyano groups, azide 
groups, hialogen atoms (e.g.. fluorine, chlorine, bromine and iodine), nitro groups, nitroso groups, and 
phosphono groups which may be esterified. Such aralkyi groups include alkyl groups (e.g., methyl, ethyl, 
propyl, isopropyl, butyl. Isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl and hexyl) having an aryl 
group (e.g., phenyl, 1-naphthyl and 2-naphthyl) as a substituent. Said aralkylthio group is. a thiol group 
having an aralkyi group as a substituent. which ara|kyl group is exemplified by the same as those specified 
above. Said arylthio is exemplified by thiol groups having an aryl group (e.g.. phenyl, 1-njaphthyl and 2- 
naphthyl) as a substituent. Said aromatic heterocyclic group, non-aromatic heterocyclic group, acyl or 
phosphono group which may be esterified is exemplified by the same substituents as specified for the 
hydrocarbon residue for Qi and Q'l above. 

With respect to formula (I), it is preferable that Qi be an aromatic hydrocarbon residue (preferably an 
aryl group (e.g. phenyl)) which is substituted with the group repreisented by the formula. 
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wherein X, R' and have the same definitionis as below. 

With respect to formula (III), it is preferable that Q'l be an aromatic hydrocarbon residue (preferably an 
10 aryl group (e.g. phenyl)) which is substituted with the group represented by the formula-, 
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-X-P-0R3 (bO 



. with greater preference given to one represented by the following formula: 

O 



wherein X, and R* have the same definitions as below. 

With respect to formulae (I) and (III); the hydrocarbon residue for Q2 is exemplified by the same 
hydrocarbon re^sidue as specified for R^ and R^ below. 
30 With respect to formulae (I) and (III), the heterocyclic ring residue for Q2 is exemplified by the same 
heterocyclic ring residue as specified for R^ and R^ below. 

With respect to formulae (I) and (111), the substituent for the hydrocarbon residue and the heterocyclic 
ring residue as a substituent for Q2 is exemplified by the same substituent as specified for R^ and R^ 
below. 

35 With respect to formulae (I) and (IN), it is preferable that Q2 be a hydrogen iatom, or a lower alkyi having 
1 to 6 caribon atoms (e.g.. methyl, ethyl, propyl, isopropyl, butyl, isobutyl. sec-butyl, tert-butyl, pentyl, 
tsopentyl, neopentyl and hexyl), and a lower (C3-7) cycloalkyi (e.g., cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl. and cycloheptyl). Preference is given to a hydrogen atom or a lower Ci-e alkyI, with greater 
. preference given to a hydrogen atom or a Ci -3 alkyl. 

40 With respect to general formulas (I). (II) and (IV). the lower alkyl group for B is exemplified by linear or 
branched lower alkyls having 1 to 4 carbon atoms (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl^ sec- 
butyl and tert-butyl), with preference given to methyl and ethyl. 

With respect to formulae (a*) and (b*), the spacer having a chain length of 1 to 4 atoms as the linear 
moiety for X. which may have one or more side chains, may be any one, as long as it is a divalent chain 

45 whose, linear chain moiety consists of 1 to 4 atoms, and may have one or more side chains. The divalent 
chain constituting said linear chain moiety is exemplified by alkylene chains represented by -(CH2)ki- (ki is 
an integer from 1 to 4) and alkenyiene chains represented by -(CH2jk2-(CH = CH)-(CH2)k3-(k2 and K3, 
whether identical or not, independently are 0, 1 or 2, provided that the sum of k2 and ka is not more than 4. 
Said side chain may be any one, as long as it is capable of binding to the divalent chain constituting the 

50 linear chain moiety, exemplified by lower (C1-5) alkyls (e.g. methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl. pentyl. isopentyl, neopentyl and hexyl). lower (C3-7) cycloalkyls (e.g. cyclopropyl. 
cyclobutyl, cyclopentyl. cyclohexyl and cycloheptyl). phosphono groups which may be esterified and 
carboxyl groups. which may be esterified. Said phosphono group which may be esterified is exemplified by 
those represented by P(0)(0R^^)(0R^2) ^pn R12 ^ave the same definitions as specified for R^ and R^). 

55 The ester of said carboxyl group which may be esterified is exemplified by those resulting from binding a 
carboxyl group and a lower (Ci-g) alkyl group, such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, 
Isopropoxycarbonyl, butoxycarbonyl, Isobutoxycarbonyl, sec-butoxycarbonyl, tert-butoxycarbonyl, pentylox- 
ycarbonyl and hexyloxycarbonyl. 



11 



EP 0 625 522 A1 

With respect to formulae (a) and (a'), the lower alkyi group for R1 and is exemplified by linear or 
branched lower alkyls having 1 to 6 carbon atoms (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec- 
butyl, tert-butyl, pentyl. isopentyl, neopentyl and hexyl), and lower {C3-7) cycloalkyls (e.g., cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl), with preference given to linear lower alkyls having 1 to 
6 carbon atoms, more preferably lovyer alkyls having 1 to 3 carbon atoms. and R^ may bind together to 
form a ring; for example, R1 and R^ may bind together to form -Z- (Z represents la carbon chain of 2 to 4 
atoms in chain length which may have one or more side chains). 

With respect to formulae (b) and (b'), the lower alkyI group for R^ and R'* is exemplified by linear or 
branched lower alkyls having 1 to 6 carbon atoms (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec- 
butyl, tert-butyl, pentyl, isopentyl, neopentyl and hexyl), and lower (C3-7) cycloalkyls (e.g., cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl). Preference is given to linear lower alkyls having 1 to 6 
carbon atoms, with greater preference given to lower alkyls having 1 to 3 carbon atoms. R^ and R* may 
bind together to form a ring; for example, R^ and R* may bind together to form -Z- (Z represents a carbon 
chain of 2 to 4 atoms in chain length which may have one or more side chains). 

The spacer for Z is exemplified by the same spacers as specified for X but comprising a carbon chain 
of 2 to 4 atoms in chain length, including those resulting from binding R^ and R^, R3 and R* or R^ and R^°, 
such as -(CH2)2-. - (CH2)3-. ■(CH2)4-. -CH(CH3)-CH2-, -CH(CH3)-CH(CH3)-, -CH2-C(CH3)2-CH2-.-CH2-CH- 
(C2H5)-CH2- and -CH(CH3)-CH2-CH(CH3j-. The side chains for Z include lower C1-4 alkyls such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl. sec-butyl, tert-butyl. 

With respect to general formula (IV) above, the hydrocarbon residue for R^ and R^ which may be 
substituted is exemplified by a|iphatic hydrocarbon residues, alicyclic hydrocarbon residues, alicyclic- 
aliphatic hydrocarbon residues, aromatic-aliphatic hydrocarbon residues, aromatic hydrocarbon residues 
and aromatic heterocyclic-aliphatic hydrocarbon residues. Such aliphatic hydrocarbon residues include 
saturated aliphatic hydrocarbon residues having 1 to 8 carbon atoms such as methyl, ethyl, propyl, 
isopropyl. butyl, isobutyl, sec-butyl, tert-butyl. pentyl. isopentyl, neopentyl, tert-pentyl, hexyl, isohexyl. 
heptyl and octyl, and unsaturated aliphatic hydrocarbon residues having 2 to 8 carbon atoms such as 
ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl. 2-methyl-1-propenyI, 1-pentenyl. 2-pen- 
tenyl, 3-pentenyl. 4-pentenyl. 3-methyl-2-butenyl, 1-hexenyl, 3-hexenyl, 2,4-hexadlenyl, 5-hexenyl, 1-hep- 
tenyl. 1-octenyi. ethynyl, 1-propynyl, 2-propynyl. 1-butynyl, 2-butynyl. 3-butynyl. 1-pentynyl, 2-pentynyl, 3- 
pentynyl, 4-pentynyl, 1-hexynyl, 3-hexynyl, 2,4-hexadiynyl, 5-hexynyl, 1-heptyhyl and 1-octynyl. Such 
aiicyclic hydrocarbon residues include saturated alicyclic hydrocarbon residues having 3 to 7 carbon atoms 
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. and unsaturated alicyclic hy- 
drocarbon residues having 5 to 7 carbon atoms such as 1-cycIopentenyl. 2-cyclopentenyl. 3-cyclopentenyl, 
1-cyclohexenyl, 2-cyclohexenyl, 3-cyclohexenyl. 1-cyclbheptenyl. 2-cycloheptenyl, 3-cycloheptenyl and 2,4- 
cycloheptadienyl. Such alicyclic-aliphatic hydrocarbon residues include those resulting from binding above- 
mentioned alicyclic hydrocarbon residues and aliphatic hydrocarbon residues to have 4 to 9 carbon atoms, 
such as cyclopropylmethyl, cyclopropylethyl. cyclobutylmethyl, cyclopentylmethyl, 2-cyclopentenylmethyl, 
3-cyclopentenylmethyl, cyclohexylmethyl, 2-cyclohexenylmethyl. 3-cyc|ohexehylmethyl, cyclohexylethyl, 
cyclohexyl propyl, cycioheptylmethyl and cycloheptylethyl. Such aromatic-aliphatic hydrocarbon residues 
include phenylaikyls having .7 to 9 carbon atoms such as benzyl, phenety I, 1-phenylethyl, 3-phenylpropyl. 2- 
phenylprdpyl ahd 1-phenylpropyl. and naphthylalkyls having 11 to 13 carbon atoms such as a-naphthyl- 
methyl, a-naphthylethyl, /3-naphthylmethyI and i3-naphthylethyl. Such aromatic hydrocarbon residues in- 
clude phenyls and naphthyls (a-naphthyl, /S-naphthyl). Such aromatic heterocyclic-aliphatic hydrocarbon 
residue means those resulting from binding an aromatic heterocyclic ring residue and an aliphatic 
hydrocarbon residue. Said aromatic heterocyclic ring residue is exemplified by the same aromatic 
heterocyclic ring residues as specified for the heterocyclic ring residue for R^ and R^ below and said 
aliphatic hydrocarbon residue is exemplified by the same aliphatic hydrocarbon residues as specified 
above. 

With respect to formula (l\0. the heterocyclic ring residue for R^ and R^. which may be substituted, is 
exemplified by 5-to 7-membered heterocyclic ring residues containing 1 atom of sulfur, nitrogen or oxygen. 
5- or 6-membered heterocyclic ring residues containing 2 to 4 atoms of nitrogen and 5- or 6-membered 
heterocyclic ring residues containing 1 or 2 atoms of nitrogen and 1 atom of sulfur or oxygen. These 
heterocyclic ring residues may have condensed with a 6-membered ring containing 2 or fewer atoms of 
nitrogen, a benzene ring or a 5-membered ring containing 1 atom of sulfur. Said heterocyclic ring residue is 
preferably an aromatic heterocyclic ring residue, exemplified by 2-pyridyl, 3-pyridyl, 4-pyridyl, 2- 
pyrimidinyi, 4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 3-pyridaziriyI. 4-pyridazinyl, 2-pyrazinyl, 2-pyrrolyl. 
3-pyrrolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 3-pyra2olyl, 4-pyrazolyl, isothiazolyl, isoxazolyl, 2- 
thiazolyl. 4-thiazolyl, 5-thiazolyl, 2-oxazoiyl, 4-oxazolyl. 5-oxiazolyl. 1,2,4-triazol-3-yl.. 1 ,2,3-triazol-4-yl. 
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tetrazol-S-yl. ben2imidazol-2-yl, indoI-:3-yl. benzopyrazol-S-yl, 1 H-pyrrolo[2,3-b]pyradin-2-yl, 1 H-pyrrolo[2.3- 
b]pyridin-6-yl. 1H-imidazo[4.5-b]pyrldin-2-yl,1 H-imida20[4,5-c]pyridin-2-yl and 1 H-imldazo[4,5-b]pyrazin-2-yl. 

With respect to formula (IV) above, the phosphono group for or is represented by P{0)(OR^)- 
(OR^) (R^ and R^, whether identical or not, independently represent a hydrogen atom or lower alky I, or may 

5 bind together to form a ring). The lower alkyi group for R^ or R^ is exemplified by linear or branched lower 
alkyls having 1 to 6 carbon atoms (e.g., methyl, ethyl, propyl, isopropyl. butyl, isobutyl. sec-butyl, tert-butyl, 
pentyl, isopentyl. neopentyl and hexyl), and lower (C3-7) cycloalkyls (e.g., cyclopropyl. cyclobutyl, 
cyclopentyl, cyclohexyl and cycloheptyl), with preference given to linear lower alkyls having 1 to 6 carbon 
atoms, with greater preference given to lower alkyls having 1 to 3 carbon atoms. R^ and R^ may bind 

70 together to form a ring; for example. R'' and R^ may bind together to form -(CH2)2-, -(CH2)3-, -(CH2)4-, -CH- 
(CH3)-CH2-. -CH(CH3)-CH(CH3)-. -CH2-C(CH3)2-CH2-, -CH2-CH(C2H5)-CH2- and -CH(CH3)-CH2-CH(CH3)-. 

With respect to general formula (IV) above, the hydrocarbon residue or heterocyclic ring residue for R^ 
and R^ may have 1 to 3 substituents at any positions thereon. Such substituents include aliphatic chain 
hydrocarbon groups, alicyclic hydrocarbon groups, aryl groups, aromatic heterocyclic groups, non-aroniatic 

75 heterocyclic groups, halogen atoms, nitro groups, amino groups which may be substituted, acyl groups 
which may be substituted, hydroxy I groups which may be substituted, thiol groups which may be 
substituted, carboxyl groups which may be esterifled and phosphono groups which may be esterified. Such 
aliphatic chain hydrocarbon groups include linear or branched aliphatic hydrocarbon groups such as alkyI 
groups, preferably those having 1 to 10 carbon atoms, alkenyl igroups, preferably those having 2 to 10 

20 carbon atoms, and alkynyl gi-oups: Such alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, 
Isobutyl, sec-butyl, tert-butyl, pentyl, Isopentyl, neopentyl, tert-pentyl, 1-ethylpropyl, hexyl, isohexyl, 1,1- 
dimethylbutyl, 2,2-dlmethylbutyl, 3,3-dlmethylbutyl, 2-ethylbutyl. hexyl, pentyl, octyl, ndnyl and decyl. Such 
alkenyl groups include vinyl, ally I, Isopropenyl, 1-propenyl, 2-methyl-1 -propenyl, 1-butenyl, 2-butenyl. 3- 
butenyl, 2-ethyl-1-butenyl. 3-methyl-2-butenyl. 1-pentenyl. 2-pentenyl, 3-pentenyl. 4-pentenyl. 4-methyr-3- 

25 pentenyl, 1-hexenyl, 2-hexenyl. 3-hexenyl; 4-hexenyl and 5-hexehyl. Such alkynyl groups include ethynyl, 
1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1- 
hexynyl. 2-hexynyl, 3-hexynyl. 4-hexynyl and 5-hexynyl. Such alicyclic hydrocarbon groups Include satu- 
rated or unsaturated alicyclic hydrocarbons such as cycloalkyi groups, cycjoalkenyl groups and cycloal- 
kadienyl groups. Preferable cycloalkyi groups include cyclopropyl. cyclobutyl, cyclopentyl, cyclohexyl, 

30 cycloheptyl, cyclooctyl, bicyclo[2.2.1]heptyl. bicyclo[2.2.2]octyl. bicyclo[3.2.1 ]octyl. bicyclo[3.2.2]nonyl. 
bicyclo[3.3.1]nonyI. bicyclo[4.2.1]nonyl and bicycIo[4.3.1]decyl. Preferable cycloalkenyl groups include 2- 
cyclopenten-1-yI, 3-cyclopenten-1-yl, 2-cycIohexen-1-yl and 3-cycIohexen-1-yl. Pi^eferable cycloalkadienyl 
groups include 2,4-cyclopentadien-l-yl, 2,4-cyclohexadlen-1-yl and 2,5-cyclohexadieri-1-yl. Such aryl 
groups are monocyclic or condensed polycyclic aromatic hydrocarbon groups, preferably phenyl, naphthyl, 

35 anthryl, phenanthryl, acenaphthylenyl and others, with preference given to phenyl. 1 -naphthyl, 2-naphthyl 
and others. Preferable aromatic heterocyclic groups include aromatic monocyclic heterocyclic groups such 
as furyi, thienyl, pyrrolyl, oxazolyl. isoxazolyl, thiazolyl, isothiazolyl. imidazolyl, pyrazolyl, 1 .2,3-oxadia20lyl, 
1.2.4-oxadia20lyl. 1 .3,4-oxadlazolyl, furazanyl. 1 .2.3-thiadia2olyl, 1 ,2,4-thiadiazolyl, 1 ,3,4-thiadiazolyl, 1,2,3- 
triazolyl. 1,2,4-triazolyl. tetrazolyl. pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl and triazinyl. and aromatic 

40 condensed heterocyclic groups such as benzofuranyl. isobenzofuranyl, benzo[blthienyl. indolyl, isoiridolyl, 
1 H-indazofyl, benzimldazolyl, benzoxazolyl, 1 .2-benzisoxazolyl, benzothlazolyl, 1 ,2-ber)zisothiazolyl, 1H- 
benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxaiinyl, phthalazinyl, naphthytizinyl, purinyl. 
pteridinyl, carbazolyl. a-carbolinyl, yS-carbolinyl. -y-carbolinyl, acridinyl, phenoxazinyl, phenothiazinyl. 
phenazinyl, phenoxthinyl, thianthrenyl, phenanthridinyl. phenanthrolinyl. indolizinyl, pyrrolo[1 .2-b]pyridazinyI, 

45 pyrazolo[1 ,5-a]pyridyl, imidazo[1 ,2-a]pyridyl. imidazo[1,5-a]pyridyl, imidazo[1 ,2-b]pyridazinyl. imidazo[1 ,2-a]- 
pyrimidinyl, 1 ,2.4-triazolo[4,3-a]pyrldyl and 1,2,4-trlazolb[4.3-b]pyridazinyl. Preferable non-aromatic 
heterocyclic groups include oxylanyl, azetidinyl. oxetanyl, thietanyl, pyrrolidlnyl. tetrahydrofuryl. thiolanyl. 
piperizinyl. tetrahydropyranyl. morpholinyl. thiomorphotinyl and piperazinyL Such halogens include fluorine, 
chlorine, bromine and iodine, with preference given to fluorine and chlorine. Said amino group which may 

50 be substituted include groups resulting from substitution of 1 or 2 of alkyls having 1 to 10 carbon atoms, 
alkenyls having 1 to 10 carbon atoms, aromatic groups or acyl groups having 2 to 10 atoms for the amino 
group (-NH2 group) (e.g., methylamino, dimethylamino, ethylamino. diethylamino, dibutylamino, dial- 
lylamino, cyclohexylamino, phenylamino, N-methyl-N-phenylamino, acetylamino, propionylamino and ben- 
zoylamino). Said acyl group which may be substituted is exemplified by formyl and groups resulting from 

55 binding an alkyl having 1 to 10 carbon atoms, alkenyl having 1 to 10 carbon atoms or an aromatic group 
and a carbonyl group (e.g., acetyl, propionyl. butyryi. isobutyryl, valeryl, isovaleryl, pivaloyi, hexanoyi, 
heptanoyi, octanoyl. cyclobutanoyl, cyclopentanoyl, cyclohexanoyi, cycloheptanoyl, crotonyl, 2-cyclohex- 
enecarbbnyl, benzoyl and nicotinoyl). Said hydroxyl group which may be substituted is exemplified by the 
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hydroxyl group and hydroxyl groups having an appropriate substituent. specifically a substituent used as a 
hydroxyl group protecting group, such as alkoxys. alkenyloxys, aralkyloxys, acyloxys and aryloxys. Such 
alkoxys are preferably those having 1 to 10 carbon atoms (e.g., methoxy, ethoxy, propoxy, isopropoxy, 
butoxy, isobutoxy. sec-butoxy, tert-butoxy. pentyloxy, isopentyloxy. neopentyloxy, hexyloxy, heptyloxy, 
nonyloxy, cyciobutyloxy, cyclopentyloxy and cyclohexyloxy). Such alkenyloxys are preferably those having 
1 to 10 carbon atonns, such as allyloxy. crotyloxy. 2-pentenyloxy, 3-hexehy!oxy, 2-cyclopentenylmethoxy 
and 2-cyc!ohexenylmethoxy. Such aralkyloxys include phenyl-Ci-4 alkyloxys (e.g.. benzyloxy and 
phenethyloxy). Such acyloxys are preferably alkanoyloxys having 2 to 4. carbon atoms (e.g.. acetylbxy. 
propionyloxy, butyryloxy and isbbutyryioxy). Such aryloxys Include phenoxy and 4-chlorophenoxy. Said 
thiol group which may be substituted Is exemplified by the thiol group and thiol groups having an 
appropriate substituent, particularly a substituent for use as a thiol-protecting group, such as alkylthios. 
. aralkylthios and acylthios. Such alkylthios are preferably alkylthios . having 1 to 10 carbon atoms (e.g., 
methylthio, ethylthio. propylthio. isopropylthio. butylthio. isobutylthio, sec-butylthio. tert-butylthio. pentylthio, 
isopentylthio, neopentylthio, hexylthio. heptylthio, nonylthio. cyclobutylthio. cyclopentylthio and cyclohexyl- 
thio). Such aralkylthios include phenyl-Ci -4 alkylthios (e.g., benzylthio and phenethylthip). Such acylthios 
are preferably alkanpylthios having 2 to 4 carbon atoms (e.g., acetylthip, propionylthio, butyrylthio and 
isobutyrylthio). The ester of said carboxyl group which may be esterified is exernplifled by those resulting 
from binding a carboxyl group and an alky! group having 1 to 6 carbon atoms, such as methoxycarbonyl. 
ethoxycarbonyl, propoxy carbony I, isopropoxycarbonyl. butoxycarbonyl, isobutoxycarbonyl, sec-butoxycar- 
bonyl, tert-butoxycarbonyl. pentyloxycarbonyl and hexyloxycarbonyl, those resulting from binding a car- 
boxyl group and an alkenyl group having 3 to 6 carbon atoms, such as allyloxycarbonyl, crotyloxycarbonyl. 
2-pentenyloxycarbonyl and 3-hexenyloxycarbonyl. and those resulting from binding a carbonyl group and 
an aralkyi group, such as benzyloxycarbonyl and phenethyloxycarbonyl. Said phosphono group which may 
be esterified is exemplified by those represented by P(0)(0R^)(0R2) (R^ and R2 have the same definitions 
as above). 

With respect to formula (IV) above, the substituent for the hydrocarbon residue or heterocyclic ring 
residue represented by R^ or R^, each of which may be substituted, may have 1 or more, preferably 1 to 3, 
appropriate substituents at any possible position. Such substituents include lower (Ci-g) alkyls (e.g., 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, rsopentyl, neopentyl and hexyl), 
lower alkenyl groups (e.g., vinyl, allyl, isopropenyl, 1-propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-buteny!, 3- 
butenyl, 2-ethyl-1-butenyl. 3-methyl-2-butenyl, 1-pentenyl. 2-pentenyl, 3-pentenyl. 4-pentenyl, 4-methyl-3- 
pentenyl. 1-hexenyl. 2-hexenyI. 3-hexenyl, 4-hexenyl and 5-hexenyl), lower alkynyl groups (e.g., ethynyl, 1- 
propynyl, 2-propynyl, 1-butynyl. 2-butynyl, 3-butynyl, 1-pehtynyl, 2-pentynyl. 3-pentynyl, 4-pentynyl, 1- 
hexynyl, 2-hexynyl, 3-hexynyl, 4-hexYnyl and 5-hexynyl), cycloalkyi groups (e.g., cyclopropyl, cycldbutyl. 
cyclopentyl, cyclohexyl and cycloheptyl), aryi groups (e.g.. phenyl, 1 -naphthyr and 2-naphthyl), aromatic 
heterocyclic groups, hon-aromatic heterocyclic groups, aralkyi groups, amino groups, N-monosubstitutional 
amino groups (e.g., methylamino, ethylamino. cyclohexylamino and phenylamino). N.N-disubstitutional 
amino groups (e.g!, dimethylamino. diethylaminb. dibutylamino, diallylamirio arid N-methyl-N-phenylamino). 
amidino groups, acy I groups, carbamoyl groups, N-monosubstitutional carbamoyl groups (e.g.. methylcar- 
bamoyl. ethylcarbamoyl. cyclohexylcarbamoyi and phenyjcarbamoyl), N.N-disubstitutional carbamoyl 
groups (e.g., dimethylcarbamoyi, diethyicarbambyl; dibutylcarbamoyi, diallylcarbamoyi and N-methy!-N- 
phenylcarbambyl). sulfamoyi groups, N-monosubstitutional sulfamoyi groups (e.g.. methyisulfamoyi, ethyl- 
sulfamoyl, cyclohexylsulfamoyi and phenylsulfamoyi). N.N-disubstitutional sulfamoyi groups (e.g., dimethyl- 
sulfamoyl, diethylsulfamoyi, dibutylsulfamoyi, diallylsulfamoyi and N-methyl-N-phenylsulfamoyl), carboxyl 
groups, lower alkoxycarbonyl groups (e.g., nriethoxycarbonyl, ethoxycarbonyl, propoxycarbonyl. isopropox- 
ycarbonyl, butoxycarbonyl, isobutoxycarbonyl, sec-butoxycarbonyl, tert-butoxy carbony I, pentyloxycarbonyl 
and hexyloxycarbonyl), hydroxyl groups, lower alkoxy groups (e.g., methoxy, ethoxy, propoxy, isopropoxy, 
butoxy, isobutoxy, sec-butoxy, tert-butoxy and pentyloxy), lower alkenyloxy groups (e.g., allyloxycarbonyl, 
crotyloxycarbonyl, 2-peritenyloxycarbonyl and 3-hexenyloxycarbonyl), cycloalkyloxy groups (e.g.. 
cyclopropyloxy. cyclobutyloxy. cyclopentyloxy, cyclohexyloxy and cycloheptyloxy), lower alkylthio groups 
(e.g., methylthio, ethylthio. propylthio. isopropylthio, butylthio, isobutylthio, sec-butylthio, tert-butylthio. 
pentylthio. isopentylthio, neopentylthio and hexylthio), araikylthio groups, arylthio groups, sulfo groups, 
cyano groups, azide groups, halogen atoms (e.g.. fluorine, chlorine, bromine and iodine),, nitro groups, 
nitroso groups, and phosphono groups which may be esterified. Such aralkyi groups include alkyi groups 
(e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl. isopentyl, neopentyl and 
hexyl) having an aryl group (e.g., phenyl, 1-naphthyl and 2-naphthyl) as. a substituent. Said araikylthio group 
is a thiol group having an aralkyi group as a substituent. which aralkyi group is exemplified by the same as 
those specified above. Said arylthio is exemplified by thiol groups having an aryl group (e.g., phenyl, 1- 
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naphthyl and 2-naphthyl) as a substituent. Said aromatic heterocyclic group, non-aromatic heterocyclic 
group, acyl or phosphono group which may be esterlfled is exemplified by the same substituents as 
specified for the hydrocarbon residue or heterocyclic ring reside represented by or above. 

With respect to general formulae (I), (11) and (IV) above, ring A is preferably a benzene ring which is not 
substituted or which has one or more substituents selected from the group of halogen atoms, aikyl groups 
and alkoxy groups as substituent. . 

. With respect to general formula (IV) above, it is preferable that either R^ or R^ be an arornatic 
hydrocarbon residue or aromatic heterocyclic ring residue which may be substituted, more preferably an 
aryl group which may be substituted. Said aryl group is preferably a phenyl, with greater preference given 
to one represented by the following general fornriula: 



75 



OR2 



X-P--0R1 



wherein X. R^ and R^ have the same definitions as above. 
20 Examples of the compounds of the invention are as follows: 

N-(4-d|ethoxyphosphorylmethylphenyl)-4-oxo-4Hr1-ben2opyran-2-carboxamide 
N-(4-dimethoxyphosphorylmethy Ipheny l)-4-oxo-4H-1 -benzopyran-2-carboxamide 
N-(4-ethylenedioxyphosphorylrhethyIphenyl)-4-oxo-4H-1-beh20pyran-2-carboxamide 
N-(4-trimethylenedioxyphosphorylmethylphenyl)-4-oxo-4H-1-ben2opyran-2-carboxamide 
25 • N-(4<lietho)(yphosphorylphenyl)-4-oxo-4H-1-ben2opyran-2-carboxamide . 

N-(4-dimethoxyphosphorylpheny l)-4-oxo-4H-1 -benzopyran-2-carboxamide 
N-(4-ethylenedioxyphosphorylphenyl)-4-oxo-4H-1-benzopyran-2-carboxamide 
N-(4-trimethylenedioxyphosphorylphenyl)-4-oxo-4H-1-ben2opyran-2-carboxamide . 
N-(2-diethoxyphosphory Imethylpheny l)-4-oxo-4H-1 -ben2opyran-2-carboxamide. 
30 • N-(3-dimethoxyphosphorylmethylphenyl)-4-oxo-4H-1-benzopyran-2-carboxamide 
N-[4-(2-diethoxyphosphorylethyl)phehyl]-4-oxo-4H-1-benzopyran-2-carboxamide 
N-(3-diethoxyphosphorylpropyl)-4-oxo-4H-1-benzopyrah-2-carboxamide 
N-(4-dimethoxyphosphorylmethylphenyl)-N-methyl-4-oxo-4H-1-ben2opyran-2-carboxamlde 
N-(4-phosphonomethylphenyI)-4-oxo-4H-1-benzopyran-2-carboxamlde 
35 • N-(4-diethoxyphosphorylmethylphenyl)-6.7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxarnide 

N-(4-dimethoxyphosphorylmethylphenyl)*6,7-methylenedioxy-4-oxo-4H-1-ben20pyran-2-carboxamide 
6-chloro-N-(4-diethoxyphosphorylmethylphenyl)-4-oxo-4H-l-benzopyran-2-carboxamide 
N-(4-diethoxyphosphorylmethylphenyl)-3-methyl-4-oxo-4H-1-ben20pyran-2-carboxamide 
N-(4-dimethoxyphosphorylmethylphenyl)-3-methyl-4-oxo-4H-1-benzopyran-2-carboxamide 
40 . • N-(4-diethoxyphosphorylmethylphenyl)-2,3-dihydro-470xo-4H-1-ben2opyran-2-carboxamide 
2,3-dihydro-N-(4-dimethoxyphosphorylmethyiphenyl)-4-oxo-4HTl-ben2opyran-2-carboxamide 
The salt of the compound of general formulae (I) and (IV) is preferably a pharmaceutically acceptable 
salt, exemplified by salts with inorganic bases, salts with organic bases, salts with inorganic acids, salts with 
organic acids and salts with basic or acidic amino acids. Preferable salts with inorganic bases include alkali 
45 metal salts such as sodium salt and potassium salt, alkaline earth metal salts such as calcium salt and 
magnesium salt, aluminum salt and ammonium salt. Preferable salts with organic bases include salts. with 
trimethylamine, triethylamine, pyridine, picoline. ethanolamlne. diethanolamine, triethanolamine, dicyclohex- 
ylamine and N,N*-diben2ylethylenediamine. Preferable salts with inorganic acids include salts with hy- 
drochloric acid, hydrobromic acid, nitric acid, sulfuric acid and phosphoric acid. Preferable salts with 
50 organic acids include salts with formic acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric 
acid, maleic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, ben2enesulfonic acid and p- 
toluenesulfonic acid. Preferable salts with basic amino acids include salts with arginine, lysine and ornithine. 
Preferable salts with acidic amino acids include salts with aspartic acid and glutamic acid. 

The compound represented by general formulae (I) and (IV) can t>e administered orally or non-orally, as 
55 formulated with a pharmaceutically acceptable carrier, in the form of solid preparations such as tablets, 
capsules, granules and powders, or liquid preparations such as syrups and injectable preparations. 

Pharmaceutically acceptable carriers are various organic or inorganic earner, substances in common use 
as pharmaceutical materials, including excipients, lubricants, binders and disintegrating agents for solid 
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preparations, and solvents, dissolution aids, suspending agents, isotonizing agents, buffers and soothing 
agents for liquid preparations. Other pharnnaceutical additives such as preservatives, antioxidants, coloring 
agents and sweetening agents may be used as necessary. Preferable exclpiehts include lactose, sucrose, 
D-mannitol, starch, crystalline cellulose and light silicic anhydride. Preferable lubricants Include magnesium 
stearate, calcium stearate, talc and colloidal silica. Preferable binders include crystalline cellulose, sucrose. 
D-mannitol, dextrin, hydroxypropyl cellulose, hydroxypropylmethyl cellulose and. polyvinylpyrrolidone. Pref- 
erable disintegrating agents include starch, carboxymethyl cellulose, carboxymethyl cellulose calcium, 
crosscarmellose sodium and carboxymethyl starch sodium. Preferable solvents include water for injection, 
alcohol, propylene glycol, macrogol. sesame oil and corn oil. Preferable dissolution aids Include polyethyl- 
ene glycol, propylene glycol. D-mannitol, benzyl benzoate, ethanol, tris-aminomethane, cholesterol, 
triethanolamine, sodium carbonate and sodium citrate. 

Preferable suspending agents include surfactants such as stearyltrlethanolamine, sodium lauryl sulfate, 
laurylaminopropionic acid, lecithin, benzalkonium chloride, benzethonium chloride and monostearic glycerol, 
and hydrophilic polymers such as polyvinyl alcohol, polyvinylpyrrolidone, carboxymethyl cellulose sodium, 
methyl cellulose, hydroxymethyl cellulose, hydroxyethyl cellulose and hydroxypropyl cellulose. Preferable 
Isotonizing agents include sodiunri chloride, glycerol and D-mannitol. Preferable buffers include buffer 
solutions of phosphates, acetates, carbonates and citrates. Preferable soothing agents include benzyl 
alcohol. Preferable preservatives include p-oxybenzolc acid esters, chlorobutanol. benzyl alcohol, phenethyl 
alcohol, dehydroacetic acid and sorbic acid. Preferable antioxidants include sulfites and ascorbic acid. 

The present invention also provides a nriethod of producing the compound (or salt thereof) represented 
by formula (I). 

The conripound (or salt thereof) represented by formula (1) can, for example, be produceid as follows. 
The salts of compounds represented by formulae (II) and (111) below are exemplified by the same salts as 
specified for the compound represented by formula (I). 



Method A 




OOH 



OH) 




ON 



^02 



40 



a-1) 



wherein the symbols have the same definitions as above. 

In this method, compound (1-1) is produced by reacting compound (II) with phosphonic acid ester 
derivative (III). 

45 Condensation of compounds (II) and (111) is carried out by an ordinary means of peptide synthesis. Any 
optionally chosen known method can be used for this peptide synthesis, including the methods described 
by M. Bodansky and M.A. Ondetti in Peptide Synthesis. Interscience Publishers, New York (1966), by P.M. 
Finn and K. Hofmann in The Proteins, Vol. 2, edited by H. Nenrath and R.L. Hill, Academic Press Inc., New 
York (1976) and by Nobuo Izumiya et al. in Peputido Gosei No Kiso To Jikken (in Japanese), Maruzen 

50 (1985). specifically the azide method, chloride method, acid anhydride method, mixed acid anhydride 
method, DCC method, actlved ester method, the method using Woodward reagent K, the carbonyl- 
dllmldazoie method, oxidation reduction method, DCC/HONB method and the method using diethyl 
phosphorocyanidate (DEPC). This condensation reaction can be carried out in a solvent. The solvent is 
exemplified by anhydrous or hydrated .N,N-dimethylfoirmamide, dimethyl sulfoxide, pyridine, chloroform, 

55 dichloromethane, tetrahydrofuran. dioxane and acetonltrile and appropriate mixtures thereof- Reaction 
temperature is normally about -20 to 50 "C. preferably -10 to 30 'C. Reaction time is normally 1 to 100 
hours, preferably 2 to 40 hours. . 
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Benzopyran derivative (1-1) thus obtained may be Isolated and purified by l<nown means of separation 
and purification such as concentration, concentration under reduced pressure, solvent extraction, crystalliza- 
tion, recrystallization, redlssolution and chromatography. 



70 



Method B 



a-i) 




ON 



^1" 

^Q2 



(1-2) 



75 



wherein Qi" represents a hydrocarbon residue which is substituted with the group represented by the 
formula. -X-P{0)(0H)2. and the other symbols have the same definitions as above. The hydrocarbon residue 
for Qi " is exemplified by the same hydrocarbon residue as specified for Qi and Qi ' above. 
20 . In this method, phosphonic acid ester derivative (1-1) as obtained by method A is hydrblyzed to 
corresponding phosphonic acid (1-2). 

This reaction is carried out in a solvent which does not adversely affect the reaction, using an inorganic 
acid such as hydrochloric acid, hydrobromic acid or a halogeriated trialkylsilane. 

When using an inorganic acid . such as hydrochloric acid or hydrobromic acid, an alcohol such as 
.25 methanol, ethanol, 2-methoxyethanol, ethylene glycol, propanol or biitanol, water or a mixed solvent thereof 
is used as a solvent. The amount of acid used is normally in substantial excess, the representative 
temperature being 0 to 150 'C, preferably 30 to 100*C, reaction time being 1 to 50 hours. 

When using a halogenated trialkylsilane such as chlorotrimethylsilane, bromotrimethylsilane or 
iodbtrimethylsilane, a halogenated hydrocarbon such as carbon tetrachloride, chloroform, dichloromethane, 
30 1 .2-dichloroethane or 1 ,1 ,2,2Ttetrachloroethane, acetonitrile or a mixed solvent thereof is used as a solvent. 

The anriount of halogenated trialkylsilane used is normally i to 10 equivalents, preferably 2 to 5 
equivalents relative to the compound containing the mono- or di-alkoxyphosphoryl group. Reaction tempera- 
ture is -30 to 100 • C, preferably -10 to 50 • C, reaction time being 30 minutes to 100 hours. 

The thus-obtained phosphonic acid may be converted into a salt by ordinary treatment with a base such 
35 as potassium hydroxide, sodium hydroxide, sodium nriethoxide, ammonia or organic amine. 

Phosphonic acid derivative (1-2) thus obtained may be isolated and purified by known means of 
separation and purification such as cpncentration, concentration under reduced, pressure, solvent extraction, 
crystallization, recrystaliizatipn, redlssolution and chromatography. 
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Method C 



4S 



SO 




OOH 



R5. 



Bfiy 



NH 




lON(R5)(R6) 



wherein the symbols have the same definitions as above. 

In this method, benzopyran derivative (II) and an amine derivative are reacted to produce compound 
(IV). This method is carried out in the same manner as method A. . 
55 Benzopyran derivative (M), the starting material compound for methods A and C, can be produced by 
known methods such as those described in the overview of Progress in Medicinal Chemistry, Vol. 9, p. 65 
(1973), and in Liebigs Annalen der Chemie, p. 1552 (1973). For example, benzopyran derivative (11-1) is 
produced by method D. . 
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Method D 




i) {COORi3)2 (VD _ o yCOOH 

ii) add 




"COCH2-B 
(V) 

wherein R^^ represents a lovyer alkyi group; the other symbols have the same definitions as above. 
The lower alkyI group for R^^ is exemplified by the same groups as specified for R^ and R* above. 
. 75 In this method, the conripound represented by formula (V) Is first reacted with oxalic acid ester (VI) in an 
appropriate solvent in the presence of a base (first stage reaction) and then treated with acid (second stage 
reaction) to synthesize compound (IM). 

The first stage reaction Is carried out in a solvent in the presence of a base. The isolvent is exemplified 
by aromatic hydrocarbons such as benzene, toluene and xylene, halogenated hydrocarbons such as 

20 chloroform, dichloromethane, 1 ,2-dichloroethane and 1 ,1 ,2.2-tetrachloroethane, ethers such as diethyl ether, 
tetrahydrofuran and dioxane, alcohols such as methanol, ethanol, propane! and 2-methoxyethanol, N.N- 
dimethylformamide, dimethyl sulfoxide and mixed solvents thereof. The base is exemplified by sodium 
alkbxides such as sodium methoxide and sodium ethoxide, potassium alkoxides such as potassium 
ethoxide and potassium tert-butoxide, sodium hydride, potassium hydride, sodium hydroxide and potassium 

25 hydroxide. The amount of oxalic , acid ester (VI) used is normally 1 to 3 mol equivalents relative to 
compound (V). and that of base used is normally 1 to 10 mol equivalents, preferably 2 to 5 mol equivalents 
relative to compound (V). This reaction is carried out at -20 to 150'C. preferably 0 to 120'C for 0.5 to 10 
hours. 

The compound obtained in the first stage reaction is subjected to the second stage reaction to produce 
30 compound (11-1): The second stage reaction is carried out by heating in acetic acid, an ether such as diethyl 
ether, tetrahydrofuran or dioxane, an alcohol such as methanol, ethanol, propane! or 2-methoxyethanol, N,N- 
dimethyiformamide, dimethyl sulfoxide, acetonitrile, 2-butanone, water or a mixed solvent thereof in the 
presence of an inorganic acid such as hydrochloric acid or sulfuric acid. The amount of inorganic acid used 
is normally in large excess, and the reaction is carried out at 20 to 180* C ifor 0.5 to 30 hours. 
35 Benzopyran derivative (11-1) thus obtained may be isolated and purified by known means of separation 
and purification such as concentration, concentration under reduced pressure, solvent extraction, crystalliza- 
tion, recrystallization, redissolution and. chromatography. 

Of the compounds represented by formula (III) above, compound (III-1). in which R^ and R* have bound 
together to form a ring, can, for example, be produced by method E. 



Methods 



O 0 

II II 
^X-P-OH 1) Chlorinating agent ^X-P— O 

O2N— (QT OH 2)HO-Z-OH (Vm)^ O2N— (QT 

(vn) (IX) 



o 

II 

Reduction ><^^?^ 

55 ] ■■ ^ H2N-(Qr 

(in-i) 
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wherein (Q) is a liydrocarbon residue and the. other symbols have the same definitions as above. The 
. hydrocarbon residue for (Q) is exemplified by the same definition as specified for Qi . and Qi * above. 

In this method, the compound represented by general formula (VII) is first reacted with a chlorinating 
agent and then reacted with diol (VIII) to yield compound (IX), which is then reduced to compound (III-1). 

5 Chlorination of compound (VIII) is carried out in an appropriate solvent or in the absence thereof. The 
solvent is exemplified by aromatic hydrocarbons such as benzene, toluene and xylene, ethers such as 
dioxane, tetrahydrofuran and dimethoxyethane, pyridine, chloroform, dichloromethane, 1 ,2-dlchloroethane 
and 1,1,2.2-tetrachloroethane and mixed solvents thereof. The chlorinating agent is exemplified by thionyl 
chloride, oxalyl chloride, phosphorus oxychloride and phosphorus pentachloride, with preference given to 

10 thipnyl chloride and oxalyl chloride. This reaction Is advantageously carried out in the presence of a 
catalytic amount of N,N-dimethylformamide. Reaction temperature is normally -100 to 150*C, preferably 
-80 to 100'C. The amount of chlorinating agent used Is normally 1 to 10 mpl equivalents, preferably 1 to 5 
mol equivalents relative to compound (VII). Reaction time is normally 0.5 to 10 hours. This reaction is 
followed by reaction with a diol (VIII) to produce compound (IX). This reaction is carried out in an 

15 appropriate solvent in the presence of a base. The solvent is exemplified by aromatic hydrocarbons such as 
benzene, toluene and xylene, ethers such as dioxane, tetrahydrofuran and dimethoxyethane, acetonltrile. 
chloroform, dichloromethane, 1 ,2-dichloroethane, 1 ,1 ,2,2-tetrachloroethane and mixed solvents thereof. 
Appropriate bases include alkali metal sialts such as sodium hydroxide, potassium hydroxide, potassium 
carbonate, sodium carbonate and sodium hydrogen carbonate, amines such as pyridine, triethylamine and 

20 N.N-dimethylaniline, sodium hydride and potassium hydride. The amount of such base used is preferably 
about 1 to 5 mol equivalents relative to compound (VII), and the amount of diol used is preferably 1 to 5 
mol equivalents relative to compound (Vll). This reaction is canrred out noi^mally at -80 to 150'C. preferably 
-80 to 80 • C for 1 to 50 hours. 

Reductiori of compound (IX) can be carried out by known methods, including reduction with a metal 

25 hydride, reduction with a metal-hydrogen complex compound, reduction with diborahe, and catalytic 
hydrogenation. Accordingly, this reaction is carried out by treating compound (IX) with a reducing agent. 
Reducing agents include metals and metal salts such as alkali metal borohydrides (e.g., sodium 
borohydride and lithium borohydride), metal-hydrpgen complex compounds such as lithium aluminum 
hydride, metal hydroxides such as sodium hydride, organic tin compounds (e.g., triphenyltih hydride), nickel 

30 compounds and zinc compounds, catalytic reducing agents consisting of a transition metal such as 
palladium, platlnuni or rhodium and hydrogen, and diborane. The reaction Is advantageously carried out by 
catalytic reduction using a combination of a transition metal such as palladium, platinum or rhodium and 
hydrogen. This reaction is carried out in an organic solvent which does not affect the reaction. The solvent 
is exemplified by aromatic hydrocarbons such as benzene, toluene and xylene, halogenated hydrocarbons 

35 such as chloroform, carbon tetrachloride, dichloromethane, 1 ,2-dichloroethane and 1 ,1 ,2,2-tetrachloroethane, 
ethers such as diethyl ether, tetrahydrofuran and dioxane, alcohols such as methanol, ethanol, propanol, 
isopropanol and 2-methoxyethanol. amides such as N,N-dimethylformamide and mixed solvents thereof, 
chosen as appropriate depending on type of reducing agent. Reaction temperature is normally -20 to 
150 •C, preferably 0 to 100* C. reaction time being about 1 to 24 hours. 

40 Compound (III-1) thus obtained may be isolated and purified by known means of separation and 
purification such as concentration, concentration under reduced piressure. solvent extraction, crystallization, 
recrystallization, redissolution and chromatography. 

The compound (or salt thereof) represented by formulae (I) and (IV) can be used to prevent or treat 
various metabolic bone diseases, such as osteoporosis, in mammals (e.g., humans, mice, rats, cats, dogs, 

45 rabbits, bovines and swines) because it potentiy promotes osteogenesis. With low toxicity, the compound 
(or salt thereof) represented by formulae (I) and (IV) can be safely used. For example, when the compounds 
of Examples 4 and 10 were orally administered to mice at a dose of each 300 mg/kg, no deaths occurred. 

When used as a prophylactic/therapeutic agent for osteoporosis, for instance, the compound (or salt 
thereof) represented by formulae (I) and (IV) is administered at a daily dose of 5 to 1.000 mg, preferably 10 

60 to 600 mg, as the active Ingredient, depending on patient condition and weight and method of administra- 
tion, for each adult (weighing 50 kg), in 1 to 3 portions per day, in the case of oral administration. 

The present invention is hereinafter described in more detail by means of the following test example, 
reference examples and working examples, which examples, however, do not by any means limit the 
invention. 

55 ' 
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Test Example 

Osteogenesis-stimulating action 

Using stromal cells prepared from the femoral marrow of a normal rat, alkaline phosphatase activity was 
determined ias an index of osteogenesis. Specifically, stromal cells, preiDared from the femoral marrow of a 
7-week-o!d male Sprague-Dawley rat by the method of Maniatopoulos et al. [Cell Tissue Research, Vol. 
254, p. 317 (1988)], were cultured in an a-MEM (minimum essential medium) solution containing both 
dexamethasone (10"^M) and /8-glycerophosphoric acid {iO^^M) to obtain calcified t^ione-like tissue. One 
week later, the test compound (10"^ M or IC^m) was added to the confluent cells, followed by 10 to 14 
more days of culture in the above culture medium. After washing with phosphate buffer, the cells were 
homogenized with 0.2% Nonidet P-40 and centrifuged at 3,000 rpm for 10 minutes. The resulting 
superniataht was assayed for alkaline phosphatase activity by the method, of Lowry et al. [Journal of 
Biological Chemistry, Vol. 207, p. 19 (1954)]. The yalues obtained are given in mean ± SE in Table 1. The 
data were statistically analyzed by Student's t-test. 

Table 1 



20 


Compound 


Concentration (M) 


Alkaline Phosphatase Activity 
(nmol p-nitrophenol/min/well) 




Control 

Compound obtained in Example 2 
Compound obtained in Example 1 


Not added 
10-s 
10-5 


139.5 ± 9.5 
258.0 ± 37,5* 
823.8 ± 53.1 • 


25 


Control 

Compound obtained in Example 4 
Compound obtained in Example 10 


Not added 

10-5 
10-5 


138.0 ±4.3 
311.4 ±35.3* 
309.6 ±41.1* 


30 


Cpntrpl 

Compound obtained in Example 25 
Compound obtained in Exanriple 34 


Not added 
10-5 
10-5 


413.0 ± i23.6 
2.088:0 ±1 45.0* 
1.054.8 ± 99.0* 




Control 

Compound obtained in Example 21 


Not added 
10-5 


545.9 ± 31.8 
2,473.2 ±111.2* . 


35 


* p < 0.01 vs control 
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From Table 1. it is seen that the benzopyran derivatives relating to the present invention, represented 
by formulae (I) and (IV), show excellent osteoblast activating action and are useful as prophylac- 
tic/therapeutic drugs for metabolic bone diseases, including osteoporosis. Furthermore, these compounds 
showing stimulatory effects on bone formation can be expected to be useful in healing bone defects in 
humans such as bone fracture, osteoarthritis and so on in the field of orthopaedic surgery. In addition, they 
will be applicable to repair of broken periodontal tissue in periodontal disease, stabilization of artificial tooth 
root, formation of maxillary bones and repair of cleft palate in the dental field. 

Reference Example 1 . 

2'-hydroxyacetophenone (25.7 g) and diethyl oxalate (33.1 g) were added to a solution of sodium 
ethoxide in ethanol (prepared from 13,0 g of sodium and 375 ml of ethanol), and the mixture was heated for 
1 hour while refluxing. After the reaction mixture was cooled to room temperature, ethyl ether (500 ml) was 
added, and the separating crystals were collected by filtration. To this crystal, 2N hydrochloric acid (600 ml) 
was added, followed by ethyl ether extriaction. The ethyl ether layer was washed with water and dried 
(MgS04). after which it was concentrated under reduced pressure. The residual oily substance was 
dissolved in acetic acid-concentrated hydrochloric acid (1:1, 200 ml) and heated for 1 hour while refluxing. 
The reaction mixture was poured over water (1 liter); the separated crystals were collected by filtration and 
then washed by sequential additions of water, ethanol and ethyl ether in that brder, to yield . 4-oxo-4H-1- 
benzopyran-2-carboxyIic acid (83.5%), which was then recrystallized from ethanol to yield colorless needles 
having a melting point of 240 to 241 • C (decomposed). 
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Reference Examples 2 through 6 

The compounds listed in Table 2 were obtairied in the same manner as in Reference Example 1 . 

Table 2 



10 




OOH 



15 



20 



25 



30 



Reference 
Example 
No. 


ASA« 


Yield 
(%) 


Melting 
Point 
CO 


Recrystallizing Solvent 


2 


6,7-(CH8)2 


70 


256-257 


Ethanol-isopropyl ether 


3 


6,7-(OCH20) 


70 


245-246 


N^-dimethylformaxnide-water 


4 




63 


285-287 


N j^ndimethylfonnainide-water 


5 


6-C€,H 


45 


236-237 


Ethanol-hexane 


6 


6-(CH3)2CH,H 


37 


194-195 


Ethyl acetate-hexane 



Reference Example 7 

35 A mixture of phenol (22.41 g), sodium (5.47 g) and toluene (500 ml) was heated for 4 hours while 
refluxing. The reaction mixture was cooled to 85 'C, and maleic anhydride (23.35 g) was added. After 
stirring at 85 * C for 1 hour, the reaction mixture was poured over ice-water, and the aqueous layer was 
collectisd. The aqueous layer was acidified with concentrated hydrochloric add and extracted with ethyl 
acetate. The ethyl acetate layer was washed with water, dried (MgSO^) and then treated with activated 

40 charcoal, after which the solvent was distilled off, to yield fumaric acid monophenyl ester (10.59 g, 23%), 
which was then recrystallized from ethyl acetaite-hexane to yield colorless needles having a melting point of 
127t6l28*C. 

Reference Example 8 . 

A mixture of fumaric acid monophertyl ester (10.19 g). powdered anhydrous aluminum chloride (21.21 
g) and sodium chloride (6.20 g) was heated at 180'C for 30 minutes. After cooling, the reaction mixture 
was treated with I N HCI (300 ml) and extracted with ethyl acetate. The ethyl. acetate layer was washed with 
water, dried (MgSO^) and then treated with activated charcoal, after which the solvent was distilled off, to 
50 yield 3-(2-hydroxybenzoyl)acryIic acid (3.37 g, 33%), which was then recrystallized fronri ethanol-hexane to 
yield yellow prisms having a melting point of 172 to 173* C. 

Reference Example 9! . 

55 A solution of 3-(2-hydroxyben2oyI)acrylic acid (3.02 g) in aqueous sodium carbonate (5%, 55 ml) was 
stirred at room temperature for 15 hours, acidified with 2N HCl and extracted with ethyl acetate. The ethyl 
acetate layer was washed with water; dried (MgSO^) and then treated with activated charcoal, after which 
the solvent was distilled off, to yield 2,3-dihydro-4-oxo-4H-1-benzopyran-2Tcarboxylic acid (2.01 g, 67%), 
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which was then recrystallized from ethyl acetate-hexane to yield colorless prisms having a melting point of 
170 to 171 -C. 

Reference Example 10 

5. 

2'-Hydroxypropiophenone (15.02 g) and diethyl , oxalate (17.54 g) were added to a solution of sodium 
ethoxide in ethanol (prepared from 6.90 g of sodium and 200 ml of ethanol). and the mixture was heated for 
2.5 hours while refluxing. The mixture was cooled, poured over 2N HCI (320 ml) and extracted with ethyl 
acetate. The ethyl acetate layer was washed with water and dried (MgSO*), after which the solvent was 

10 distilled off. The residue was subjected to silica gel column chromatography and eluted with ethyl acetate- 
hexane (1:3, vA^) to yield an oily substance (4.26 g). This oily substance was dissolved in acetic acid- 
concentrated hydrochloric acid (1:1, 30 ml) and heated for 1 hour while refluxing. Alter cooling, the reaction 
mixture was poured over water (150 ml) and stirred at room temperature for 10 minutes. The separated 
crystals were collected by filtration to yield 3-methyl-4-oxo-4H-l-ben20pyran-2-carboxylic acid (2.62 g, 

75 13%). which was then recrystallized from ethanol to yield colorless prisms having a melting point of 192 to 
193'C. 

Reference Example 11 

20 A mixture of 4-hitrobenzylphpsphonic acid (37.40 g). thionyl chloride (150 ml) and N.N-dimethylfor- 
mamide (5 drops) was heated for 5 hours while refluxing, after which it was concentrated under reduced 
pressure. The residue was dissolved in tetrahydrbfuran (500 ml), arid a solution of ethylene glycol (10.69 g). 
in acetonltrile (90 ml) was added dropwise at -78 'C over a 15-minute period. Next, pyridine (28.61 g) was 
added dropwise at -78 *C over a 15-minute period, and the mixture was stirred at room temperature for 15 

25 hours. After the insoluble solid was filtered off. the filtrate was concentrated under reduced pressure, and 
the residue was dissolved in chloroform (400 ml). The insoluble solid, previously filtered off, was added to 
water (800 ml)-chloroform (200 ml), and the chloroform layer was collected. The chloroform layer was 
combined and then washed by sequential additions of IN HCI. water, a saturated aqueous solution of 
sodium hydrogen carbonate and water in that order, dried (MgSO^) and then treated with activated 

30 charcoal, after which the solvent was distilled off, to yield 2-(4-nitroben2yl)-1 ,3,2-dioxaphospholane-2-oxide 
(8^86 g, 21%), which was then recrystallized from ethanol-hexane to yield colorless plates having a melting 
point of 144 to 145* C. 

Reference Example 12 

35 

Oxalyl chloride (22.09 g) was added dropwise to a mixture of 4-nitrobenzylphosphonic acid (17.99 g), 
. pyridine (13.76 g) and tetrahydrofuran (500 ml) at -78 'C. After the mixture was stirred at -78 •C for 30 
minutes and then at room temperature for 1.5 hours, the insoluble solid was filtered off. The filtrate was 
concentrated under reduced pressure, and the residual oily substance was dissolved in tetrahydrofuran (500 

40 ml). To this solution, a solution of 1 .3-propanediol (2.58 g) in acetonitrile (30 mi) was added dropwise at 
-78 'C over a 15-mihute period. Then, pyridine (5.62 g) was added dropwise. at -78 • Cover a 5-minute 
period, and the mixture was stirred at room temperature for 15 hours. After the insoluble solid was filtered 
off, the filtrate was concentrated under reduced pressure. The residue was subjected to silica gel column 
chromatography and eluted with ethyl acetate-chioroform-methanol (10:10:1, v/v) to yield 2-(4-nitrobenzyl)- 

45 1 ,3,2-dioxaph6sphorinane-2-oxide (5.62 g, 26%), which was then recrystallized from ethanol-hexane to yield 
colorless needles having a melting point of 144 to 145* C. 

Reference Example 13 

50 With 4-nitrobenzylphosphonic acid and 2,2-dimethyl-1 ,3-propanedipl. the same procedure as in Refer- 
ence Example 11 was followed, to yiejd 5,5-dimethyI-2-(4-nitrobenzyl)-1,3.2-dioxaphosphorinane-2-oxide, 
which was then recrystallized from ethanol-hexane :to yield colorless plates having a melting point of 176 to 
177*C. 

55 Reference Example 14 . 

With 4-nitrobenzylphosph6nic acid and 2.4-pentanediol. the same, procedure as in Reference Example 
11 was followed, to yield 4.6-dimethyl-2-(4-nitrobenzyl)-1.3.2-dioxaph6sphorinane-2-oxide, which was then 
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recrystallized from ethanol-hexane to yield colorless needles having a nnelting point of 152 to 153*C. 
Reference Exannple 15 

5 With 4-nitrobenzylphosphonic acid and 1 ,4-butanedlol. the same procedure as in Reference Example 1 1 
was followed, to yield 2-(4-nitrobenzyl)-1 ,3,2-dioxaphosphepane-2-oxlde, which was then recrystallized from 
ethanol-hexane to yield colorless needles having a melting point of 136 to 137*C. 

Reference Example 16 

10 

A mixture of 2-(4-nitrobenzyl)-1,3,2-dioxaphospholane-2-oxide (8.56 g). palladium-carbon (5%. 50% wet, 
4.0 g) and methanol (300 ml) was subjected to a catalytic hydrogenation at room temperature and under 1 
atm. After the catalyst was filtered off, the filtrate was concentrated under reduced pressure to yield 2-(4- 
aminobenzyl)-1.3.2-dioxaphospholane-2-oxide (4.25 g. 57%), which was then recrystallized from ethanol- 
15 hexane to yield colorless prisms haying a melting point of 183 to 184* C. 

Reference Example 17 

2-(4-Nitrobenzyl)-1,3,2-dloxaphosphorinane-2-oxide was subjected to a catalytic hydrogenation in the 
20 same manner as in Reference Example 16 to yield 2-(4-aminobenzyl)-1,3,2-dioxaphosphorinane-2-oxide, 
which was then recrystallized from ethanol-hexane to yield colorless needles having a melting point of 172 
to 173*C. 

Reference Example 18 

25 

5.5- Dimethyl-2-(4-nitrobenzyl)-1,3,2-dioxaphosphorinane-2-oxide was subjected to a catalytic hydroge- 
. nation in the same manner as in Reference Example 16 to yield 2-(4-aminobenzyl)-5,5-dimethyl-1,3,2- 

dioxaphosphorinane-2-oxide, which was then recrystallized from ethanol-hexane to yield colorless needles 
having a meltinig point of 152 to 153* C. 

30 

Reference Example 19 

4.6- Dimethyl-2-(4-nitrobenzyl)-1,3,2-dioxaphosphorinane-2r6xide was subjected to a catalytic hydroge? 
nation in the same manner as in Reference Example 16 to yield 2-(4-aminobenzyl)-4,6-dimethyl-1,3,2- 

35 dioxaphosphbrinane-2-oxide. which was then recrystallized from ethanol-hexiane to yield colorless prisms 
having a melting point of 160 to 161 • C. 

Reference Example 20 

40 2-(4-Nitrobenzyl)-1 ,3,2-dioxaphosphepane-2-oxide was subjected to a catalytic hydrogenation in the 
same manner as in Reference Example 16 to yield 2-(4-aminobenzyl)-1,3,2-dioxaphosphepane-2-oxide, 
which was then recrystallized from ethanol-hexane to yield colorless prisms having a melting point of 128 to 
129 -C. 




45 Reference Example 21 

With 4-nitrobenzylphosphonic acid and 2-methyl-1 .3-propanediol, the same procedure as in Reference 
Example 1 1 was followed, to yield 5-methyl-2-(4-nitrobenzyl)-1 ,3,2-dioxaphosphorinarie-2-oxide, which was 
then recrystallized from ethanol-hexane to yield coloriess prisms having a melting point of .170 to 171 *C. 

50 

Reference Example 22 

With 4-nitrobenzylphosphpnic acid and 2-ethyl-2-methyl-1, 3-propanediol, the same procedure as in 
Reference Example 11 was followed, to yield 5-ethyl-5-methyl-2-(4-nitrobenzyl)-1,3,2-dioxaphosphorinane-2- 
55 oxide, which was then recrystallized from ethanol-hexane. to yield coloriess prisms having a melting point of 
184 to 185 -C. 
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Reference Example 23 

With 4-nitrobenzy!phosphonic acid and 2,2-dlethyl-1 .3-propanediol, the same procedure as in Reference 
Example 11 was followed, to yield 5,5-diethyl-2-(4-nitrobenzyl)-1 ,3,2-dioxaphosphorinane-2-oxide,which was 
5 then recrystallized from ethanol-hexane to yield colorless prisms having a melting point of 159 to 160*0. 

Reference Example 24 

With 4-nitrobenzylphosphonic acid and 2-butyl-2-ethyl-1 ,3-propanediol, . the same procedure as in 
10 Reference Example 11 was followed, to yield 5-butyl-5-ethyl-2-(4-nitrobenzyl)-1,3,2-dioxaphosphorinane-2- 
oxide, which was then recrystallized from ethanol-hexane to yield colorless prisms having a melting point of 
111 to 112*C. 

Reference Example 25 

5-Methyl-2-(4-nitrobehzyl)-1 .3.2-dioxaphosphorinane-2-oxide was subjected to a catalytic hydrpgenation 
in the same nnanner as in Reference Example 16 to yield 2-(4-aminoben2yl)-5-methyl-1,3,2-diox- 
aphosphorinane-2-oxide, which was then recrystallized from ethanol-hexane to yield colorless needles 
having a inelting point of 158 to 159 " C. 

20 

Reference Example 26 

5-Ethyl-5-methyl-2-(4-nitrobenzyl)-1.3,2-dioxaphosphorinane-2-6xide was subjected to a catalytic hy- 
drogenation in the same, manner as in Reference Example 16 to yield 2-(4-aminobenzyl)-5-ethyl-5-methyl- 
25 1 ,3,2-dioxaphosphorinane-2-oxide, which was then recrystallized from ethanol-hexane to yield colorless 
needles having a melting point of 130 to 131 * C. 

Reference Example 27 

30 5,5-DiethyI-2-(4-nitrotfenzyI)-1,3,2'-dioxaphosphorinane-2-oxide was subjected to a catalytic hydrogena- 
tion in the same manner as in Reference Example 16 to yield 2-(4-am in pbenzyl)-5,5-di ethyl- 1,3, 2-diox- 
aphosphorinane-2'Oxide, which was then recrystallized from ethanol-hexane to yield colorless prisms having 
a melting point of 126 to 129* C. 

35 Reference Example 28 

5-Butyl-5-ethyl72-(4-nitrobenzyl)-1 ,3,2-dioxaphosphorinane-2-oxide was subjected to a catalytic hydroge- 
nation in the same manner as in Reference Example 16 to yield 2-(4-aminobenzyl)-5-butyl-5-ethyl-i,3,2- 
dioxaphosphorinane-2-oxide. which was then recrystallized from ethanol-hexane to yield colorless prisnris 
40 having a melting point of 90 to 91 • C. 

Reference Example 29 

Dimethyl 4-aminobenzylphosphonate (21.5 g) and then paraformaldehyde (80%, 5.3 g) were added at 
45 room temperature to a solution of sodium methoxide in methanol (prepared from 27 g of sodium and 250 
ml of methanol). After this mixture was stirred at room temperature for 15 hours, sodium borohydride (3.8 g) 
was added, and the mixture was heated for 1.5 hours while refluxing. The reaction nriixture was con- 
centrated under reduced pressure and then the residue was treated. with 1NK0H (500 ml) and extracted 
with chloroform. The chloroform layer was washed with water and dried (MgSO^), after which the solvent 
50 was distilled off. The residue was subjected to silica gel column chromatography and eluted with ethyl 
acetate-chloroform-methahol (25:25:1, v/v) to yield dimethyl 4-methylaminobenzylphosphonate (2.9 g, 13%) 
as ah oily subsatance. 

NMR(5 ppm in CDCI3): 2.55(1 H.broad s), 2.82(3H.s). 3.07(2H.d,J = 21Hz). 3.63(3H.s), 3.69(3H.s), 6.57- 
(2H,dd.J = 9&1 Hz), 7.1 1 (2H.dd,J = 9&3HZ) 

65 ■ 
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Example 1 

Oxalyl chloride (2.28 g) and then N.N-dimethylformamide (1 drop) were added at O'C to a solution of 4- 
oxo-4H-1-ben2opyran-2-carboxylrc acid (2.85 g) In tetrahydrofuran (60 ml). After stirring at room tempera- 
ture for 2.5 hours, this mixture was concentrated under, reduced pressure. The residue was dissolved in 
tetrahydrofuran (25 ml), and this solution was added dropwise to a solution of diethyl 4-aminobenzyI- 
phosphonate (4.01 g) and triethylamine (1.67 g) in tetrahydrofuran (90 ml) at room temperature. After 
stirring at room temperature for 1 hour, the reaction mixture was poured over water and extracted with, 
chlorofornn. The chloroform layer was washed with water and dried (MqSOa). after which the solvent was 
distilled off, to yield N-(4-diethoxyphosphorylmethylpheriyl)-4-oxb-4H-1-ben2opyrah-2-carboxamide (4.79 g, 
76.9%), which was then recrystalllzed from ethanol-isopropyl ether to yield yellow plates having a melting 
point of 153 to 154- C. 

Examples 2 through 8 

The compounds listed in Table 3 were obtained in the same manner as in Example 1 . 

Tabled 

■■ . 1 

6 

A2 

O 



Exam 
pie 
No. 


ASA» 


w 


Yield 
(%) 


Melting 
Point 
CC) 


Reerystallizing 
Solvent 


2 


H,H 


-^^-P(0)(OC2H5)2 


59 


162-163 


Ethanol- 
isopropyl ether 


3 


6.7-(CH3)2 


-^^P(0)(OC2H5)2 


60 


258-259 


Methanol 


4 


6,7-(CH3)2 


-^^^H2P(0)(OC2H6)2 


67 


189rl90 


Ethanol- 
isopropyl ether 


6 


6i7-(OCH20) 


-^^-CH2P(0)(OC2H5)2 


64 


204-205 


Ethanol 


6 


6,7-(CH30)2 


^^^-CH2P(0)(OC2H6)2 


22 


215-216 


Chloroform- 
ethanol 


7 


6-C€,H 


-@)r<!H2P(0)(OC2H6)2 


66 


203-204 


Ethanol 


8 


6-(CH3)2CH, H 


-<g)-CH2P(0)(OC2H6)2 


56 


129-130 


Ethyl acetate- 

hexane 





IQNH-W 
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Examples 9 through 16 

The compounds listed In Table 4 were obtained in the same manner as in Example 1. 

Table4 



10 



75 




ONH-W 



Exam 
pie 
No. 


ASA« 


W 


Yield 
(%) 


Melting 
Point 
(X) 


Recrystallizing Solvent 


9 


H,H 




86 


257-258 


NyN-dimethylforzxiaznide- 
water 


10 


H,H 




70 


220-221 


Ethahol 


11 


6,7-(CH3)2 




67 


>300 


NyN-dimethylformamide- 
water 


12 


6,7-(CH3)2 




64 


291-292 


N,N-<limethylformamide- 
water . 


13 


6,7-(OCH20) 




31 


288-289 


NyN-dimethylformamide- 
water 


14 


6.7-(CH30)2 




17 


215-216 


CUoroform-ethyl acetate 


IS 


6-C€,H 




53 


300-301 


N^-dimethylformaniide- 
water 


16 


6-(CH3)2CH,H 




40 


222-223 


Chloroform-ethanol 



20 



25 



30 



35 



40 



45 



SO Example 17 

lodotrlmethylsilane [(CH3)3Sil] (3.17 g) was added at 0*C to a mixture of N-(4-dlethoxyphosphoryl- 
methylphenyl)-4-oxo-4H-1-ben2opyran-2-carboxamide (2.99 g) and carbon tetrachloride (60 ml). This mix- 
ture was stirred at 0*C for 1 hour and then at room temperature for 15 hours, after which it was 
65 concentrated under reduced pressure, the residue was dissolved in methanol (45 ml), poured over 4N HCI 
and stirred at room temperature for 30 minutes. The separated crystals were collected by filtration and 
recrystallized from methanol to yield N-(4-phosphonomethylphenyl)-4-oxo-4H-1-benzopyran-2-carboxamide 
(0.22 g, 8.5%) as light yellow prisms having a melting point of 265 to 266 * C. 
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Examples 18 through 34 

The compounds listed in Table 5 were obtained in the same manner as in Example 1 . 




Tables 

/CONH-W 



^Exam 
pic 
No. 


B 


W 


Yield 

m 


Melting 
Point 

(TO 


Recrystallizing 
Solvent 


18 


H 


CH2P(0)(OC2H5)2 


74 


159-160 


Ethanol-hexane 


19 


H 


CH2P(0)(OC2H6)2 


67 


129-130 


Ethanol-hexane 


20 


H 


-^-CH2CH2P(0)(OC2H5)2 


76 


162-163 


Ethanol-hexane 


21 


H 


-^^CH2P(0)(OCH3)2 


78 


197-198 


Ethanol-hexane 


22 


H 


-<^^^-CH2P(0)COCH(CH3)2]2 


77 


166-167 


Ethanol-hexane 


23 


H 


-QhGH2P(b)(pC4H9)2 


41 


105-106 


Ethanol-hexane 
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Exam 
pie 
No. 


B 


W 


Yield 
(*) 


Melting 
Point 
.(°C) 


Recrystallizing 
Solvent 


24 


H 


o . 

.^^CHjPj^ \CH2)2 


39 


239-240 


Chloroform-ethanol 


25 


H 


o 

-^^CHaP^ \CH2)3 


38 


240-241 


Ethanol-hexane 


26 


H 


O rixj 


73 


260-261 


Chloroform-ethanol 


27 


H 


^CHa 


73 


225-226 


Chloroformrethanol 


-AO 


H 


-^^CHaP^ (CH2)4 


73 


216-217 


Ethanol-hexane 


29 


H 


-CH2CH2P(0)(OC2H6)a 


, 73 


115-116 


Ethyl acetate-hexane 


30 


H 


-CH2CH2CH2P(0)(OC2H6)2 


53 


64-65 


Isopropyl ether 


^1 ' 
o± 




-^~VCH2P(0)(0CH3)2 


82 


159-160 


Ethanol-hexane 


32 


CHa 


^^^CH2P(0)(OC2H6)2 


78 


150-151 


Ethanol-hexane 


33 


CHs 


6 

-^^CHzP^ \CH2)2 


55 


222-223 


Chloroform-ethanol . 


34 


CHa 


-^^CH2P^ \CH2)3 


67 


204-205 


Ethanol 



Examples 35 through 37 

The compounds listed In Table 6 were obtained in the same manner as in Example 1 . 
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Table 6 



oa 



CONH-W 



10 



IS 



20 



Exam 
pie 
No. 


W 


Yield 
(%) 


Melting 
Point 


Recrystallizing 
Solvent 


35 


_^^CH2P(0)(OCH3)2 


63 


160-161 


Ethanol-hexane 


36 


-^^CH2P(0)(OC2H6)2 


61 


156-157 


Ethanol-hexane 


37 


-^^CHzP^ \CH2)3 


29 


201-202 


Ethanol-hexane 



25 - 

Example 38 

Oxalyl chloride (0.97 g) and then N,N-dimethylf6rmamlde (1 drop) were added at 0 • C to a solution of 4- 
30 oxo-4H-1-ben2opyran-2-carboxylic acid (1.22 g) In tetrahydrofuran. (35 ml). After stirring at room tempera- 
ture for 2 hours, this mixture was concentrated under reduced pressure. The residue was dissolved in 
tetrahydrofuran (15 ml), and an aqueous solution of methylamine (30%, 15 ml) was added at 0*C. After 
stirring at 0*C for 1 hour, the reaction mixture was poured over water and extracted with chloroform. The 
chloroform layer was washed with water and dried (MgSOA), after which the solvent was distilled off. The 
35 residue was subjected to silica gel column chromatography and eluted with ethyl acetate-chloroform (1:1, 
v/v) to yield crystals, which were then recrystallized from ethanol-hexane to yield N-methyl-4-oxo-4H-1- 
benzopyran-2-carboxamide (0.14 g. 11%) as colorless needles having a melting point of 224 to 225 *C. 

Example 39 

40 

Oxalyl chloride (1.07 g) and then N.N-dlmethylformamide (1 drop) were added at 0*C to a solution of 4- 
oxo-4H-1-ben2opyran-2-carboxyIic acid (1.33 g) in tetrahydrofuran (35 ml). After stirring at room tempera- 
ture for 2.5 hours, this mixture was concentrated under reduced pressure. The residual 4-oxo-4H-1- 
ben2opyrane-2-carboxylic acid chloride was dissolved in tetrahydrofuran (15 ml). Separately, to a solution of 

45 diethyl phosphoramidate [H2NP(0)(OC2H5)2] (4.29 g) in tetrahydrofuran (70 ml), oily sodium hydride (60%. 
0.56 g) was added at 0*C, followed by stirring at constant temperature for 30 minutes. To this mixture, the 
previously prepared solution of 4-oxo-4H-1 -benzopyran-2-carboxylic acid chloride in tetrahydrofuran was 
added at 0*C. After stirring at O'C for 1 hour, the reaction mixture was poured over water and extracted 
with chloroform. The chloroform layer was washed with water and dried (MgSO^). after which the solvent 

50 was distijled off. The residue was subjected to silica gel column chromatography and eluted with ethyl 
acetate-chloroform-methanol (15:15:1. v/v) to yield crystals, which were then recrystallized from ethanol- 
hexane to yield N-diethoxyphosphoryl-4-oxo-4H-1-benzopyran-2-carboxamide (0.7i2 g, 32%) as coloriess 
needles having a melting point of 182 to 183* C. 

55 . Exarhples 40 through 47 

The compounds Misted in Table 7 were obtained in the same manner as in Example 1. 
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Table 7 




CO-NC 

NW2 



Exam 
pie 
No, 


Wl 


W2 


Yield 
(%) 


Melting 
Point 


Recrystallizmg 
Solvent 


41 






57 


256-257 


Chlorofprm-ethanol 


42 


H 




78 


213-214 


Ethanol-hexane 


43 


H 


On 


77 


213-214 


Ethanol-hiexane 


A A 

44 


H 




76 


192-193 


Ethanol-hexane 


45 


CH3 


d 

-^^CH2P(OCH3)2 


80 


142-143 


Ethcmol-hexane 


46 


H 


V(0)(OC2H6)2 


52 


160-161 


Ethanol-Iiexane 


47 


H 


.COOCaHs 
-f^CHaCH 

^ '^P(0)(OC2H6)2 


46 


97-98 


Ethyl acetate-hexane 



Preparation Examples 



A prophylactic or therapeutic drug for osteoporosis containing the compound (or salt thereof) repre- 
sented by formula (I) or (IV) as an active ingredient can, for example, be produced with the following 
formulations: 
1 . Capsules 
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(1) Compound obtained In Example 1 


10 mg 


(2) Lactose 


90 mg 


(3) Microcrystalline cellulose 


70 mg 


(4) Magnesium stearate 


10 mg 




Total 180 mg per capsule 



Components (1). (2) and (3) and a half portion of conriponent (4) were mixed and granulated. To 
these granules, the remaining portion of component (4) was added, and the whole mixture was packed in 
10 a gelatin capsule. 
2. Tablets 



(1) Compound obtained in Example 4 


10 mg 


(2) Lactose . 


35 mg 


(3) Corn starch 


1 50 rng 


(4) Microcrystailine cellulose 


30 mg 


(5) Magnesium stearate 


5 mg 




Total 230 mg per tablet 



20 

Connponents (1), (2) and (3), a two-thirds portion of component (4) and a half portion of component 
(5) were mixed and granulated. To these granules, the remaining portions of components (4) and (5) 
were added, and the whole mixture was tableted by compressive tableting. 
3. Injectable preparation 

25 



(1) Hydrochloride of the compound obtained in Example 10 


10 mg 


(2) Inositol 


100 mg 


(3) Benzyl alcohol 


20 mg 


Total 1 30 mg per ampule 



Components (1), (2) and (3) were dissolved in distilled water for injection to a finaj quantity of 2 ml, 
and the solution was packed in an ampule. The entire procedure was performed aseptically: 
4. Capsules 

35 



(1) Compound obtained in Example 21 


10 mg 


(2) Lactose 


90 mg 


(3) Microcrystalline cellulose 


70 mjg 


(4) Magnesium stearate 


10 mg 




Total 180 mg per capsule 



Components (1). (2) and (3) and a half portion of component (4) were mixed and granulated. To 
these granules, the remaining portion of component (4) was added, and the whole mixture was packed in 
45 a gelatin capsule. 

Claims 

1. A compound represented by the formula: 

50 . 



55 




31 



5 



70 



20 
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wherein B represents a hydrogen atom or a lower alkyi group; ring A represents a benzene ring which 
may have one or more substttuents: 



represents a single or double bond; Qi represents the group represented by the formula. 

O 



— P-ORl 
I 

OR2 

75 , or a hydrocarbon residue substituted with the group represented by the formula, 



O 



-X-P-ORi 
I 

0R2 



wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear moiety 
25 . which may have one or more side chains; and R^, whether identical or not, independently represent 
a hydrogen atom or a lower alkyl. or may bind together to form a ring; Q2 represents a hydrogen atom, 
a hydrocarbon residue which may be substituted or a heterocyclic ring residue which may be 
substituted; or a salt thereof. 

30 2. The compound of claim 1, wherein the hydrocarbon residue for Qi is selected from the group 
consisting of aliphatic hydrocarbon residues, alicyclic hydrocarbon residues, alicyclic-aliphatic hy- 
drocarbon residues, aromatic-aliphatic hydrocarbon residues, aromatic hydrocarbon residues and 
aromatic heterocyclic-aliphatic hydrocarbon residues. 



35 


a 


The 


compound 


of claim 


1. 


wherein 




4- 


The 


compound 


of claim 


3. 


wherein 


40 


5. 


The 


compound 


of claim 


1. 


wherein 


6. 


The 


compound 


of claim 


1. 


wherein 




7. 


The 


compound 


of claim 


1, 


wherein 


45 


8. 


The 


compound 


of claim 


7, 


yyherein 



9. The compound of claim 8. wherein R^ and R^, wherein identical or not, independently are ethyl or 
methyl. 

so 10. The compound of claim 1, wherein R^ and R^ t)|nd together to form -Z- (Z represents a carbon chain 
having a chain length of 2 to 4 atoms as the linear moiety, which may have one or more side chains). 

11. The compound of claim 10, wherein Z is -(CH2)3-. 

55 12. The compound of claim i, wherein B is a hydrogen atom. 

13. The compound of claim 1 , wherein 
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»••••«• 



is a double bond. 

5 14. The compound of claim 1, wherein ring A has no substituent. 
15. A method of producing a compound represented by the formula: 



10 



15 



20 




ON 



wherein B represents a hydrogen atom or a lower alky! group; ring A represents a benzene ring which 
may have one or rhore substituents; 



25 



30 



35 



represents a single or double bond; Qi represents the group represented by the formula, 



O 
II 

-P-ORi 
I 

0R2 



, or a hydrocarbon residue substituted with the group represented by the formula, 

O 
II 

-X-P-ORl 
I 

OR2 



40 



45 



wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear moiety 
which may have one or more side chains; and R^,. whether identical or not, independently represent 
a hydrogen atom or a lower alkyi, or may bind together to form a ring; Cb represents a hydrogen atom, 
a hydrocarbon residue which may be substituted or a heterocyclic ring residue which may be 
substituted; or a salt thereof, by comprising reacting a compound represented by the formula: 



50 




OOH 



55 



wherein B represents a hydrogen atom or a lower alkyI group; 
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70 



represents a single or double bond; ring A represents a benzene ring which may have one or more 
substituents or reactive derivative thereof, and a compound represented by the formula: 



. wherein Qi ' represents the group represented by the formula, 



75 



— P-OR3 
I 

0R4 



20 



25 



30 



35 



40 



45 



, or. a hydrocarbon residue substituted with the group represented by the formula, 



O 
II 



1 

OR* 



wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear moiety 
which may have one or more side chains; and R*. whether identical or not, independently represent 
a lower alkyi, or may bind together to form a ring; Cb is as defined above, and subsequently carrying 
out a phosphonic acid ester hydrolyzing reaction as necessary. 



16. Use of a compound represented by the fornnula: 




I0NCR5)(R6) 



wherein R^ and R®., whether identical or not, independently represent a hydrogen atom, a phosphono 
group, a hydrocarbon residue which may be substituted or a heterocyclic ring residue which may be 
substituted; B represents a hydrogen atom or a lower alkyI group; 



50 



55 



represents a single or double bond; ring A represents a benzene ring which may have one or more 
substituents or a salt thereof, for the manufacture of. a medicament to be used as a prophylactic or 
therapeutic drug for metabolic bone diseases. 

17. The use of claim 16, wherein R^ or R^ is an aryl group which may be substituted for. 

18. The use of claim 17, wherein said aryl group is phenyl. 

19. The use of claim 16, wherein B is a hydrogen atom. 

20. The use of claim 16, wherein 
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70 



75 



20 



25 



30 



is a double bond. 

21. The use of claim 16, wherein ring A has no substituent. 

22. The use of claim 16, wherein or is represented by the. formula: 




wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear rhoiety 
which may have one or more side chains; R^ arid R^, whether identical or not. Independently represent 
a hydrogen atom or a lower alkyi, or may bind together to form a ring. 



23. Use of a compound represented by the formula: 




ON 



\ 



02 



wherein B represents a hydrogen atom or a lower alkyI group; ring A represents a benzene ring which 
may have one or more substituehts; 



35 



represents a single or double bond; Qi represents the group iriepresented by the formula; 

.40 

O 
II 

— P-ORi 

I . 

, or a hydrocarbon residue substituted with the group represented by the formula, 



50 O 

II 

-X-P-ORi 
I 

OR2 



55 



wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear moiety 
which may have one or more side chains;. R^ and R^, whether identical or not, independently represent 
a hydrogen atom or a lower alkyI, or may bind together to form a ring; Qa represents a hydrogen atom. 



35 
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a hydrocarbon residue which may be substituted or a heterocyclic ring residue which may be 
substituted; or a salt thereof, for the manufacture of a medicament to be used as a prophylactic or 
therapeutic drug for metabolic bone diseases. 

5 24. The use of claim 23, wherein the hydrocarbon residue for Qi is an aryl group. 

25. The use of claim 24, wherein the aryl group is phenyl. 

26. The use of claim 23, wherein Q2 is a hydrogen atom or a lower alkyi group. 

27. The use of claim 22 or 23, wherein X is an alkylene chain. 

28. The use of claim 22 or 23, wherein both and are linear lower alkyls. 
75 29. The use of claim 28, wherein both R^ and R^ are Ipwer Ci -3 alkyls. 

30. The use of claim 29, wherein R^ and R^, whether identical or not, independently are ethyl or methyl. 

31. The use of claim 22 or 23, wherein R^ and R^ bind together to form -Z- (Z represents a carbon chain 
20 having a chain length of 2 to 4 atoms as the linear moiety which may have one or more side chains). 

32. The use of claim 31. wherein Z is -(CH2)3-. 

33. The use of claim 16 or 23 for use to treat or prevent osteoporosis. 

25 

34. An osteogenesis promoter comprising a compound represented by the formula: 



30 



35 



40 



50 



55 




wherein B represents a hydrogen atom or a lower alky I group; ring. A represents a benzene ring which 
may have one or more substituents; 



represents a single or double bond; Qi represents the group represented by the forrnula. 



45 O 

II 

— P-ORl 
( 

OR2 



, or a hydrocarbon residue substituted with the group represented by the formula. 



O 
II 

I 

OR2 
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wherein X represents a bond or a spacer having a chain length of 1 to 4 atoms as the linear moiety 
which may have one or more side chains; and R^. whether Identical or not. independently represent 
a hydrogen atom or a lower alkyl. or may bind together to form a ring; Qa represents a hydrogen atom, 
a hydrocarbon residue which may . be . substituted or a heterocyclic ring residue which may be 
5 . substituted: or a salt thereof. 

35. The osteogenesis promoter of claim 34, wherein the hydrocarbon residue for Qi Is selected from the 
group consisting of aliphatic hydrocarbon residues, allcyclic hydrocarbon residues, alicyclic-aliphatic 
hydrocarbon residues, aromatic-aliphatic hydrocarbon residues^ aromatic hydrocarbon residues and 

10 aromatic heterocyclic-aliphatic hydrocarbon residues. 

36. The osteogenesis promoter of. claim 34, wherein the hydrocarbon residue for Qi is an aryl group. 

37. The osteogenesis promoter of claim 36, wherein the aryl group is phenyl: 

38. The osteogenesis promoter of cjaim 34, wherein Qa is a hydrogen atom or a lower alkyl group. 

39. The osteogenesis pronrioter of claim 34, wherein X is an alkylene chain. 

20 40. The osteogenesis promoter of claim 34, wherein both R^ and R^ are linear lower alkyls. 

41. The osteogenesis promoter of claim 40, wherein both R^ and R^ are lower Ci -3 alkyls. 

42. The osteogenesis jDrbmoter of . claim 41, wherein Rl and R^, wherein identical or not, independently are 
25 ethyl or methyl. 

43. The osteogenesis promoter of claim 34, wherein R^ and R^ bind together to form -Z- (Z represents a 
carbon chain having a chain length of 2 to 4 atoms as the linear moiety, which may have one or more 
side chains). . 

30 . 

44. The osteogenesis promoter of claim 43. wherein Z is -(CH2)3-. 

46. The osteogenesis promoter of claim 34. wherein B is a hydrogen atorn. 
35 46. The osteogenesis promoter of claim 34. wherein 



40 is a double bond. 

47. The osteogenesis promoter of claim 34, wherein ring A has no substituent. 

45 . 



50 



55 
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